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Abstract 
 Semi-bridge converters, formed by the removal of upper (or alternatively, 
lower) phase leg semiconductor switching devices of their full-bridge counterparts, 
are a cost attractive topological structure for the processing of electrical energy. They 
offer substantial advantages over a complete full-bridge arrangement, because of their 
reduced controlled switch count, single gate drive power supply (for a two-level 
converter), and shoot-through-free phase leg structure. However, in contrast to the 
bidirectional capability of a full-bridge converter, a semi-bridge structure can only 
transfer energy in one specific direction, which limits its use to unity power factor 
rectification only, and even then with an identifiable level of degradation of its input 
current harmonic performance. With these issues in mind, this thesis focuses on three 
primary objectives. 
 The first objective is to quantify the impact that the intrinsic topological 
constraint of a semi-bridge rectifier has on its input current quality. A detailed 
analytical expression is developed for the input current under this restriction, 
incorporating second-order effects such as supply voltage harmonics and 
semiconductor voltage-drops. The result is used to identify the theoretical input 
current total harmonic distortion limits for the semi-bridge rectifier as converter 
parameters and working conditions are varied. 
 The second objective is to mitigate the intrinsic limitation of semi-bridge 
rectifiers using multilevel arrangements, because of their ability to reduce the filter 
inductance for a given operating switching frequency. This is basically achieved in 
these converters via the cancelling of switching harmonics by pulse width modulation 
carrier interleaving techniques. For a semi-bridge rectifier, the input current harmonic 
 vi 
performance is directly proportional to the size of filter inductance, so that the smaller 
filter size allowed by a multilevel converter reduces the inherent low-frequency input 
current distortion. Two novel multilevel semi-bridge rectifier structures, and the 
specific pulse width modulation technique for the correct carrier harmonics cancelling 
in these topologies, are devised and extensively validated. 
 Finally, the third objective is to broaden the application of semi-bridge 
converters to operate at any power factor. Recent work presents an alternative 
multilevel approach via the inclusion of a coupled-inductor into the converter phase 
leg, between the upper and lower switching devices. This concept, initially conceived 
for the H-bridge topology, was later extended to the diode-clamped converter 
architecture. In the first instance, both these coupled-inductor arrangements appear to 
be new inverter structures. However, more detailed analysis identifies that they are in 
fact the parallel connection of two complementary semi-bridge converter phase legs. 
Although the two individual semi-bridge phase legs offer unidirectional power flow 
only, when operating within this topological arrangement, this intrinsic limitation is 
overcome and the converter output offers bidirectional regenerative capability. 
 This recognition led to a number of benefits. Firstly, a third family member is 
readily derived, based on a flying-capacitor multilevel structure. Secondly, it becomes 
straightforward to identify how to best modulate and control this family of 
topologically reduced converters, since there is a wealth of established knowledge 
about how to best control their full-bridge counterparts. Finally, at least for the 
IGBT-based variants, the identification of their common semi-bridge origin allows 
additional unnecessary diodes to be removed from the reduced topologies, 
minimizing their silicon device count to exactly match their full-bridge counterparts. 
 All theoretical analyses presented in this thesis were broadly confirmed by 
precisely matched switched simulations and experiments performed on a set of 
laboratory prototypes. 
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Chapter 1  
Introduction 
 The process of converting electrical energy from one specific voltage or current 
at a given frequency, to another that is more suited to a target application, is referred 
to as electrical power conversion. Switched power converters are a family of 
electrical circuits that perform this conversion process using as elementary units a set 
of solid-state semiconductor switches arranged in a chosen topological structure. 
While a variety of topologies have been proposed over the last half century, the 
bridge-type arrangement has now become the de facto standard for most types of 
power conversion. 
 This thesis is concerned with a class of topologically reduced arrangements of 
full-bridge converters known as semi-bridge structures. This chapter will describe the 
underlying motivation for this investigation and will then outline the central theme of 
this thesis and its primary objectives. An overview of the thesis and the identification 
of the original contributions of the research will also be given. 
1.1. Motivation 
 A semi-bridge converter is devised by the exclusion of upper (or optionally, 
lower) phase leg semiconductor switching elements from its full-bridge topological 
counterpart. The use of fewer devices makes this arrangement a cost attractive 
structure for the processing of electrical energy, particularly for higher power 
systems. Consequently, this reduced topological architecture has been used on a wide 
variety of applications, such as adjustable-speed drives, uninterruptible power 
supplies, renewable energy systems, and battery chargers. 
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 However, in contrast to the bidirectional regenerative capability of a full-bridge 
converter, a semi-bridge structure can only transfer energy in one specific direction. 
This limits its use to unity power factor rectification only. In addition, this intrinsic 
topological constraint causes an identifiable degradation of its input current harmonic 
performance, which however under many circumstances is small and acceptable 
considering the economic benefit that the structural reduction offers. 
 The driving force behind this study is the conviction that a more assertive and 
widespread use of semi-bridge converters is possible by the precise quantification of 
their intrinsic operating constraints, the devising of alternatives to improve these 
constraints, or alternatively, overcoming of the inherent topological limitation of 
these converters via their inclusion into a larger structural arrangement. 
1.2. Objectives 
 This thesis focuses on three primary goals, described as follows. 
Quantification of Operating Limits of a Single-Phase Semi-Bridge Rectifier 
 The investigation of intrinsic operating constraints of a two-level single-phase 
semi-bridge rectifier, and the impact of this limitation on its input current quality, 
appears not to have been fully addressed in the literature. Hence the best possible 
distortion limits of any associated current regulator remain unknown. This has a 
significant impact on the controller design and optimization processes. 
 This thesis provides an analytical quantification of input current distortion 
produced by the operating limitation of a two-level single-phase semi-bridge rectifier, 
as converter parameters and working conditions vary. The result is used to predict the 
lowest possible input current total harmonic distortion (THD) as filter parameters and 
input power factor are varied, taking into account second-order effects such as input 
voltage harmonics and device voltage-drops. 
 With this knowledge, a simple PI current regulator with back-emf feed-forward 
compensation is shown to be quite sufficient to achieve the distortion performance 
predicted by theory. 
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Distortion Mitigation using Multilevel Structures 
 One of the key motivations for the use of multilevel converter arrangements is 
their ability to reduce the filter inductance value for a given operating switching 
frequency. This is essentially achieved via the cancellation of switching harmonics 
using pulse width modulation carrier interleaving techniques. For a semi-bridge 
rectifier, the input current baseband harmonic performance is inversely proportional 
to the size of filter inductance, so that the smaller filter size allowed by a multilevel 
converter reduces the inherent low-frequency input current distortion. 
 Using these concepts, two novel multilevel semi-bridge structures, a 
single-phase semi-bridge flying-capacitor rectifier and a front-end interleaved 
multicell semi-bridge rectifier for cascaded H-bridge multilevel converters, are 
devised. In addition, an effective pulse width modulation technique for the correct 
carrier harmonic cancellation is identified and confirmed. 
Overcome of Topological Limitation via Magnetic Coupling 
 Recent work has proposed an alternative multilevel arrangement, conceived via 
the addition of a coupled-inductor element into the converter phase leg, between the 
upper and lower switching devices. This concept was initially presented for the 
H-bridge topology, and was later applied to the diode-clamped converter structure. 
 At the first sight, both these coupled-inductor topologies seem to be novel 
inverter architectures. However, more comprehensive analysis determines that they 
are the parallel connection of two complementary semi-bridge converter phase legs. 
Although the two individual semi-bridge phase legs provide unidirectional power 
flow only, when operating within this specific structure, this intrinsic limitation of 
topologically reduced phase legs is overcome and the inverter then can provide 
bidirectional regenerative capability. 
 This identification offers numerous benefits. Firstly, a third member of this 
class of converters is readily devised, based on a flying-capacitor multilevel 
arrangement. Secondly, the modulation and control of this family of topologically 
reduced converters becomes straightforward, considering the established knowledge 
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on how to best operate their full-bridge counterparts. Thirdly, the identification of 
their common semi-bridge origin allows unnecessary diodes to be removed from the 
reduced topologies for IGBT-based applications, minimizing their silicon device 
count to exactly match their full-bridge counterparts. Lastly, and more importantly, 
this class of combinational derivatives broadens the use of semi-bridge converters to 
operate at any power factor. 
1.3. Thesis Structure 
 The material presented in this thesis is organized as follows. 
 Chapter 1 (this chapter) provides an overview of the thesis, its structure, and the 
identification of the original contribution of this work. 
 Chapter 2 reviews the developments on semi-bridge converters over the last 
three decades. This review identifies the significant contributions made by other 
researchers with regard to control approaches of these topologies, the inherent 
low-frequency input current harmonic distortion, and the introduction of novel 
multilevel topologies. 
 Chapter 3 provides an analytical quantification of input current distortion 
produced by the operating limitation of a two-level single-phase semi-bridge rectifier, 
as converter parameters and working conditions vary. The result is used to predict the 
lowest possible input current total harmonic distortion (THD) as filter parameters and 
input power factor are varied, taking into account practical second-order effects. The 
control system used to manage the rectification process, comprising a slow outer DC 
bus voltage loop and a fast inner AC current loop, is also discussed. 
 Chapters 4 and 5 introduce two novel multilevel semi-bridge converters. The 
single-phase semi-bridge flying-capacitor rectifier is described in Chapter 4, and the 
active front-end interleaved multicell semi-bridge rectifier for cascaded H-bridge 
multilevel converters is presented in Chapter 5. A specific pulse width modulation 
technique for the correct carrier harmonic cancellation and a cascaded control 
approach for each of these two new topologies are also presented. 
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 Chapter 6 deals with multilevel coupled-inductor semi-bridge arrangements, 
and develops a simplified common-mode and differential-mode converter model for 
these reduced architectures. From this decoupled model, the pulse width modulation 
requirements for each member of this family of converters is then defined. 
 Chapter 7 presents a high-performance dual-loop current control for 
coupled-inductor semi-bridge converter architectures. 
 Chapter 8 provides a description of the switched-time simulation systems used 
in this study. These structures were utilised to generate the simulation results 
presented in the previous chapters. This chapter also provides an overview of the 
simulation techniques and approaches adopted in this research. 
 Chapter 9 provides a description of the set of experimental systems developed 
to validate the simulated and analytical results presented in this thesis. 
 Chapter 10 provides a summary of the work presented. Important contributions 
are reviewed and proposals are made for future research work. 
1.4. Identification of Original Contribution 
 This thesis provides a series of novel contributions to the functional analysis, 
pulse width modulation (PWM), and closed-loop control of two-level and multilevel 
semi-bridge converters. ??Analysis of intrinsic operating limits of single-phase semi-bridge rectifiers: ??Analytical determination of the input current wave shape for the continuous 
conduction mode of operation (CCM), accounting for second-order effects, ??Quantification of the effect of discontinuities (DCM) and CCM cusp on the 
input current total harmonic distortion (THD), and evaluation of the influence 
of input power factor on this THD. ??Introduction of two novel multilevel semi-bridge converters: ??The single-phase semi-bridge flying-capacitor (FC) rectifier and the active 
front-end interleaved multicell semi-bridge rectifier for cascaded H-bridge 
(CHB) multilevel converters, 
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??Definition of a specific PWM technique for the correct carrier harmonics 
cancellation, and the development of a control system for these topologies. Use 
of a simpler control scheme when the load CHB inverter cells are switched 
using phase-shifted carrier (PSC-PWM). ??Topological analysis, pulse width modulation and closed-loop current control of 
coupled-inductor multilevel topologies: ??Identification of commonality between coupled-inductor topologies, removal 
of unnecessary diodes for IGBT-based applications, and introduction of a third 
family member, based on a FC multilevel arrangement, ??Definition of the PSC-PWM strategy and development of a dual-loop current 
control for coupled-inductor converters.? 
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Chapter 2  
Literature Review 
 The concept of a semi-bridge converter was introduced by D. M. Mitchell in the 
US Patent 4412277, submitted in 1983 [1]. Since then, a large number of researchers, 
both in the academic and industrial fields, have turned their attention to this 
potentially cost attractive topological arrangement. As a result, a substantial number 
of scientific papers on this theme have been published in conferences, journals, and 
magazines. 
 This chapter reviews the findings reported in the literature over the last three 
decades. The survey starts with semi-bridge topologies derived from a two-level 
voltage-source converter. The analysis is then extended to more sophisticated 
arrangements, formed by parallel connections of two-level semi-bridge structures, 
semi-bridge derivatives from multilevel voltage-source converters, and semi-bridge 
coupled-inductor architectures. The study deals with the topological structures, the 
origins of their open-loop pulse width modulation strategies, and the techniques for 
their closed-loop control. 
2.1. Two-Level Semi-Bridge Converters 
 The semi-bridge structure is primarily used for power rectification, because of 
its inherently limited unidirectional capability. Within this field of application, it 
competes with a diverse number of topological alternatives. For completeness, this 
section briefly reviews the most commonly adopted rectifier architectures, and then 
describes the semi-bridge topologies that can be derived from the two-level 
voltage-source converter architecture. 
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 One of the most straightforward rectifier arrangements is a conventional full 
diode-bridge followed by a smoothing capacitor, as illustrated in Fig. 2.1(a). 
However, the DC output voltage of this topology can only follow the peak of the 
incoming AC supply, and it produces significant AC input current distortion [2]. 
 The thyristor-based bridge-rectifier illustrated in Fig. 2.1(b) provides some 
improvement by allowing the DC output voltage to be varied, but it still generates 
significant input current distortion and has an increasingly lagging power factor as the 
DC output voltage is reduced. Neither structure acceptably meets present day 
standards for input current harmonic distortion even when substantial additional 
filtering is added to the basic rectifier structure. 
 Compared to these two alternatives, active rectifiers based on the 
voltage-source converter offer a superior performance. Their benefits include greatly 
reduced input current harmonic distortion, higher input power factor, lower bus 
voltage ripple, higher efficiency, usually lower size and weight, and bidirectional 
regenerative power flow (for a full-bridge arrangement). Figure 2.2(a) shows the 
topology of a single-phase full-bridge rectifier, consisting of four active switches 
organised in two phase legs, coupled to the incoming AC supply through a series L 
filter, and feeding into a DC smoothing capacitor .BUSC  
 Among the existing topologically reduced voltage-source converter alternatives, 
the boost power factor corrector (PFC) rectifier shown in Fig. 2.2(b) is the most 
widely investigated [3][4][5][6][7][8][9][10][11]. In this structure, one semi-bridge 
converter phase leg is enclosed within a full-bridge diode rectifier, and is controlled 
to boost the rectified AC input voltage to a higher voltage DC bus. However, this 
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vA
vB
eS
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D1 D3
(a) diode-bridge 
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Figure 2.1. Single-phase line-commutated rectifiers. 
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arrangement has three semiconductor forward voltage-drops in the incoming 
conduction path, which limits its maximum achievable efficiency [10][12][13]. 
 The single-phase common-emitter semi-bridge rectifier introduced by Mitchell 
in 1983 [1] is shown in Fig. 2.2(c). The structure is formed by the replacement of the 
two upper semiconductor switches 
1S  and 3S  of the full-bridge configuration shown 
in Fig. 2.2(a) by two simple diodes 
1D  and 3D , as shown in Fig. 2.2(c). 
 Some authors refer to the semi-bridge as a bridgeless rectifier [13][14][15][16]
[17][18][19][20][21][22][23][24][25], guided by the fact that a semi-bridge inherently 
incorporates the front-end diode-bridge circuitry of the standard line-frequency 
commutated rectifier shown in Fig. 2.1(a). Other authors prefer the terminology 
dual-boost PFC rectifier [9][16][17][26][27][28][29], driven by the perspective that a 
semi-bridge consists of two boost PFC converters, each individually performing the 
conversion of a rectified AC input voltage to a stable DC output voltage, with the 
active converter alternatively swapping every half-cycle of the fundamental grid 
frequency. 
 In 1993, J. C. Salmon referred to this arrangement as a two-switch H-bridge 
rectifier [30], a nomenclature that fits with the point of view adopted in this thesis that 
 
(a) full-bridge 
 
(b) boost PFC 
 
(c) common-emitter semi-bridge 
 
(d) common-collector semi-bridge 
Figure 2.2. Single-phase two-level voltage-source rectifiers. 
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a semi-bridge is a topological reduction of a full-bridge. Lastly, in 1996 Martinez and 
Enjeti called this structure a high-performance single-phase rectifier with input power 
factor correction [12], claiming the introduction of a new circuit even though the 
patent from Mitchell had been registered more than a decade ago. 
 Figure 2.2(d) shows a variant of the semi-bridge shown in Fig. 2.2(c), where 
instead of replacing the upper switches 
1S  and 3S  by diodes 1D  and 3D , the lower 
switches 
2S  and 4S  are replaced by diodes 2D  and 4D . Both structures are 
functionally equivalent, but the reduction shown in Fig. 2.2(d) is less preferable. This 
is because in contrast to the circuit of Fig. 2.2(c), it does not allow the use of a single 
gate drive power supply with ground referenced to the negative terminal of the 
DC-link voltage, which potentially provides further savings. Note that the 
configurations of Figs. 2.2(b), 2.2(c), and 2.2(d) all have a shoot-through-free phase 
leg structure, which eliminates the unavoidable dead-time delay of the full-bridge 
architecture shown in Fig. 2.2(a). 
2.1.1. Open-Loop Modulation 
 Pulse Width Modulation (PWM) is the most commonly used switching strategy 
for semi-bridge converters [1][12][14][19][22][23][28][29][31][32]. The application 
of this modulation approach to the single-phase common-emitter semi-bridge rectifier 
shown in Fig. 2.2(c) can be readily understood by returning to its origins, namely the 
single-phase full-bridge rectifier shown in Fig. 2.2(a). 
 For a full-bridge converter, the phase leg reference commands are 
 ? ?* sin 2DCA O vv M t? ? ? ?  and ? ?* sin 2DCB O vv M t? ? ? ? ?  (2.1) 
which results in a line-to-line target averaged converter voltage *ABv  given by 
 ? ?* * * sin .AB A B O DCv v v M t v? ? ? ? ? ?   (2.2) 
where M is the target modulation depth, 2O Of? ? ?  is the target angular AC converter 
frequency, and ?  is an arbitrary phase angle. The structure and waveforms of this 
modulation scheme are shown in Figs. 2.3(a) and 2.3(b) respectively, where it can be 
seen how the two 180
o
 phase-displaced references 
Am  and Bm  are compared against 
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a triangular carrier with frequency 
Cf  and magnitude varying between 1?  and 1? , to 
generate the logic switch commands ,As  ,As  ,Bs  and .Bs  
 Since only one phase leg of a semi-bridge can be switched at any one time, the 
most straightforward modulation approach for this topology is the 180
o
 discontinuous 
PWM scheme (180
o
 DPWM) [33] shown in Fig. 2.4. Note from Fig. 2.4(a) how the 
discontinuous pattern is achieved by modifying the reference commands 
Am  and Bm  
so that they each intersect the carrier during opposite halves of the fundamental cycle. 
Observe also that the pulse ratio /C Of f  for the modulation of a semi-bridge is twice 
that of a full-bridge to maintain the same number of switching transitions. For a 
semi-bridge, the 180
o
 DPWM technique is particularly advantageous when the active 
switching devices are MOSFETs, because of their lower on-state voltage, which 
improves the converter efficiency [16][17][26]. 
 A simpler modulation structure was reported in [19][22]. In this approach the 
same gate signal is applied to both switches, as illustrated in Fig. 2.5. Not 
(a)
 
m
-1
sA
sA
sB
sB
mA
mB
c+1fC ?1
 
(b)
  
Figure 2.3. Naturally sampled PWM for a single-phase full-bridge converter 
(open-loop, M = 0.9, /C Of f  = 10): (a) structure and (b) waveforms. 
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unexpectedly, the 180
o
 DPWM and the single gate signal switching strategies result 
in the same line-to-line rectifier voltage, as shown in Figs. 2.4(b) and 2.5(b). 
 Alternatively, modulation of a single-phase common-emitter semi-bridge 
rectifier using a delta-sigma scheme was proposed in [27]. In this work it is argued 
that when compared to fixed PWM switching frequency, delta-sigma modulation 
techniques perform better in reducing the inherent low-frequency input current 
distortion of semi-bridge rectifiers, by virtue of their longer commanded on-state 
duration of active switches after zero-crossings, and random switching characteristic. 
 A final remark is that most of the works investigated do not recognise the active 
switches 
2S  and 4S  of a common-emitter semi-bridge converter as the bottom 
devices of a full-bridge converter. Hence the usual modulation structure proposed for 
the common-emitter semi-bridge rectifier uses a commanded reference in the form of 
1 m?  instead of ,m  and the direct gate signals 
As  and Bs  are then applied to the 
switches instead of complementary signals 
As  and Bs  as shown in Figs.  2.4 and 2.5. 
In this thesis the complementary gate signals 
As  and Bs  will be used to switch the 
(a)
 
sA
sB
mA
mB
c
m
-1
1
1
2
2m 2m??
?2m??
+1fC ?1  
(b)
  
Figure 2.4. Naturally sampled 180
o
DPWM for a single-phase common-emitter 
semi-bridge converter (open-loop, M = 0.9, /C Of f  = 20): (a) structure and (b) 
waveforms. 
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bridge bottom devices to maintain compatibility with the origin full-bridge 
modulation approach. 
2.1.2. Closed-Loop Control 
 For low power applications the single-phase semi-bridge rectifier is usually 
switched using discontinuous conduction mode (DCM), but for increased power 
levels, the continuous conduction mode (CCM) is the preferred switching strategy 
because of its lower input current peak and ripple values. However, CCM operation 
requires current regulation to achieve a low input current distortion, and hence a 
variety of control strategies attempting to best regulate this current under CCM have 
been reported in the last two decades. In addition, a converter primarily designed to 
operate in CCM, when feeding a light load can switch to DCM over part of the 
fundamental cycle, operating in a pattern typically referred as MCM (mixed 
conduction mode). 
 The quality of the input current of a semi-bridge rectifier is mainly affected by 
three factors. Firstly, since this converter can only process unidirectional power flow, 
when working in CCM it suffers from the so-called zero-crossing cusp distortion [3]
[14][27][34][35]. Secondly, DCM operation is always associated with a high level of 
low-order harmonics, presenting an inferior performance when compared to CCM. 
(a)
 
sA=sB
mAB
c
m
+1fC ?
?
 
(b)
  
Figure 2.5. Simplified naturally sampled PWM for a single-phase common-emitter 
semi-bridge converter (open-loop, M = 0.9, /C Of f  = 20): (a) structure and (b) 
waveforms. 
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Lastly, as initially investigated by Sun [4], poor grid synchronism can result in a 
leading input current reference, which further degrades the harmonic performance of 
this topology. 
 The input current control of a semi-bridge rectifier is typically enclosed within 
a cascaded system as shown in Fig. 2.6, with an outer DC bus voltage control loop 
that generates a commanded current reference for an inner loop current regulator [1]
[14][18][19][22][23][24][26][27][28][29][31][32][36]. The linear average current 
mode control technique is the most commonly adopted approach, with both analog 
[1][22][28][32] and digital [19][23][29][31] implementations being widely reported. 
In addition, non-linear control approaches are also popular [18][24][26] because they 
eliminate the need for sensing the grid voltage. 
 The feed-forward term 
 SFF
DC
e
m
v
?   (2.3) 
is usually employed to compensate for the effect of the grid voltage and reduce the 
control burden of the input current regulator [14][23][26][29][32].  Equation (2.3) can 
also be modified to reduce the DCM input current distortion as proposed in [37]. 
 Work from Tao et al. [26] proposes an alternative feed-forward term given by 
 
*
1
,INFF S
DC
di
m e L
dt v
? ?? ?? ?? ?   (2.4) 
that also accounts for the voltage-drop across the boost inductance. However it 
depends on the first derivative of the commanded input current reference *INi  and the 
nominal value of the boost inductance. 
 DC bus voltage regulation is typically implemented using a proportional 
integral (PI) controller type [18][23], but the design of this controller has not received 
m
iIN
iERR
vDC
vERR Voltage
Controller
Current
Controller
mFB
mFF
 
Figure 2.6. General cascaded outer-voltage inner-current control system. 
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much attention in the literature. Only the work from Praça et al. describes the use of 
classical control theory to adjust the PI voltage controller gains by setting the pole at 
the origin to reduce the steady-state error and positioning the zero one decade below 
the crossover frequency, chosen as a quarter of the fundamental grid frequency [18]. 
 Input current regulation can be accomplished using hysteresis [38], PR 
(proportional + resonant) [39][40], or PI [14][19][22][23][29][31][32] closed-loop 
control. Among these alternatives the PI-type controller is the simplest, making it an 
attractive solution. However a PI controller is well-known to have steady-state error 
[41][42][43], also this steady-state error can be minimised using feed-forward 
compensation of grid-voltage [42]. 
Figure 2.7 shows a typical input current waveform of a single-phase 
semi-bridge rectifier, with its characteristic distortion regions after the zero-crossings. 
This waveform was produced for this thesis by a simple PI controller with 
feed-forward compensation of grid voltage according to Eqn. (2.3) and maximum 
achievable gains set as per [43]. 
2.1.3. Three-Phase Arrangements 
 Figure 2.8 shows three-phase versions of the topologies presented in Fig. 2.2. 
The three-phase full-bridge rectifier shown in Fig. 2.8(a) offers bidirectional 
 
Figure 2.7. Typical input current waveform of a single-phase semi-bridge rectifier   
operating at unity power factor. 
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regenerative power flow and is able to synthesise input currents with excellent 
harmonic performance on any input power factor. 
 Alternatively, the three-phase boost PFC rectifier [44][45][46] shown in 
Fig. 2.8(b) and the three-phase common-emitter and common-collector semi-bridge 
rectifiers [47][48][49][50][51][52][53][54][55][56][57][58] shown in Figs. 2.8(c) and 
(d) are topologically reduced unidirectional architectures, which consequentially have 
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Figure 2.8. Three-phase two-level voltage-source rectifiers: (a) full-bridge, (b) boost 
PFC rectifier, (c) common-emitter, and (d) common-collector semi-bridges. 
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a limited ability to produce input currents with small harmonic content even when 
operating at near unity power factor. 
 The three-phase boost PFC is typically operated in DCM [44][45][46], which 
results in a large peak current flowing through the DC-link single switch. In DCM the 
input peak currents follow the envelope of the grid voltages. However, the average 
input currents are not sinusoidal and contain a large low-frequency harmonic content. 
One control scheme for the reduction of low-frequency distortion has been proposed 
in [59][60]. Alternatively, the average value of the input currents can be made closer 
to sinusoidal by incorporating harmonics into the modulation commands [46], or by 
including an LC input filter to mitigate the low-frequency current harmonics as 
proposed in [44][45]. Overall this topology can provide an acceptable harmonic 
performance in applications where the power rating is lower than about 6 kW [50]. 
 Unity power factor operation of the three-phase common-emitter semi-bridge 
shown in Fig. 2.8(c) results in alternating controllable/uncontrollable 60
o
 regions, as 
illustrated in Fig. 2.9. The 60
o
 uncontrollable regions occur because when there are 
two returning input currents, only the body-diode connected to the most negative 
supply voltage is able to conduct while the other diode becomes reverse biased. Some 
harmonic improvement is obtained by intentionally commanding a slightly lagging 
input current, because this reduces the intervals of a fundamental cycle where the 
converter is required to operate in the second and forth quadrants (which it is unable 
to do because of its intrinsic topological limitation) [50]. However, although a lagging 
commanded current offers some benefit, the even harmonics caused by the 
topological asymmetry are still a concern [50]. 
 An alternative modulation approach to modulate the three-phase 
common-emitter semi-bridge ? similar to the strategy proposed for the boost PFC 
arrangement ? is to apply the same fixed duty-cycle to all active switches [51][52]
[53][54][58]. Although simpler, this approach does not offer power factor control and 
operates only over a limited modulation range [52]. 
 A variation of this technique was proposed by Rivas et al. in the context of 
application to automotive alternators [56][57]. It consists of independently 
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modulating the three active switches during specific intervals of time to increase the 
power delivered at low speeds. This work reports a nearly 15% higher output power 
at small modulation indexes with limited and acceptable increase in the rms phase 
currents and losses [57]. 
 Another variation reported in [51] detects the alternating 60
o
 sectors and only 
applies the switched gate pattern to the switch of the phase showing the highest grid 
voltage, while the switch corresponding to the lowest supply voltage is kept on and 
the remaining switch is kept off. This scheme provides lower switching and 
conduction losses because the current in the lower switches is always flowing through 
the MOSFETs instead of the body-diodes, and at any time the switched pattern occurs 
in only one semi-bridge phase leg. A further alternative was proposed in [55]. In this 
work, at every 60
o
 degrees the control task is alternatively redirected between two 
different controllers, the first designed to operate in CCM and the second arranged to 
operate in DCM. 
 In general, for three-phase systems the unidirectional capability of the 
semi-bridge phase leg is considerably more limiting than for single-phase structures. 
 
Figure 2.9. Typical input current waveform of a three-phase common-emitter 
semi-bridge rectifier operating at unity power factor. 
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This requires substantial modulation and control efforts to synthesise input currents 
with satisfactory harmonic performance. 
2.2. Interleaved Two-Level Semi-Bridge Converters 
 Figure 2.10(a) shows a single-phase two-cell interleaved boost PFC formed by 
a full diode-bridge followed by a pair of step-up DC-DC converters operating 180
o
 
out of phase [61][62]. This topology offers similar benefits as paralleled 
semiconductors and double effective switching frequency while reducing the input 
filter size. The ripple cancellation also reduces the stress on the DC-link output 
capacitor. On the other hand the heat management on the input diodes limits the 
maximum operating power to approximately 3.5kW [13]. 
 A single-phase common-emitter dual-semi-bridge is shown in Fig. 2.10(b). This 
architecture, introduced by Musavi et al. [13][63][64][65], retains the same 
semiconductor device count as the interleaved boost PFC converter since it requires 
two additional active switches and two additional fast diodes to replace the four slow 
input diodes shown in Fig. 2.10(a). For this structure, the pairs of gate signals applied 
to the switches 
2 4{ , }S S  and 6 8{ , }S S  are produced by two carriers that are 180
o
 
phase-shifted from each other, which similarly to the interleaved boost PFC doubles 
(a)
    
(b)
    
Figure 2.10. Single-phase interleaved two-level voltage-source rectifiers: (a) boost 
PFC and (b) common-emitter dual-semi-bridge. 
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the effective switching frequency and reduces the input filter inductor sizes. This 
semi-bridge structure is reported to provide a superior efficiency, extending the viable 
operating power beyond 3.5 kW [13][64]. 
2.2.1. Three-Phase Arrangements 
 Figure 2.11 shows two alternative arrangements of a parallel-connected 
three-phase common-emitter dual-semi-bridge rectifier [66][67][68][69][70][71][72]
[73]. The first structure uses a three-phase isolation transformer with two secondary 
windings of opposite polarities as illustrated in Fig. 2.11(a) [66][68][69][71]. The 
second structure employs a three-phase isolation transformer with individual 
open-winding secondaries as illustrated in Fig. 2.11(b) [68]. 
 These two arrangements significantly reduce the low-frequency harmonic 
content of the input primary-side currents 
Ai , Bi , and Ci . This is achieved because 
the alternating 60
o
 controllable/uncontrollable regions shown in Fig. 2.9 occur 
complementarily between the two semi-bridge converters. In addition, in the same 
way as for an individual single- or three-phase semi-bridge converter, an intentional 
lagging commanded input current provides smaller zero-crossing distortion, at the 
expense of operating at a lower input power factor. 
 With these structures, the input power is equally shared between the two 
converters which results in a half semiconductor power rating in comparison to a 
six-switch full-bridge arrangement. Both individual semi-bridge rectifiers use 
common-emitter switching devices, hence neither of them requires an isolated power 
supply for their gate drives to switch their active devices. Furthermore, the 
arrangement is fully shoot-through protected. Therefore, this combined architecture 
may be considered as a rugged and potentially cost effective alternative compared to 
existing full-bridge controlled rectifiers [66]. 
 The operation of these converters has been extensively investigated and a 
variety of linear and non-linear modulation and control approaches have been 
proposed over the last decade [66][68][69][70][72][74][75]. A recent publication has 
introduced the use of phase-shifted carrier PWM (PSC-PWM) for carrier harmonic 
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cancelling and a coordinated volt-second linear regulator with a peak current limiter 
to balance the power processing between the two converters [69]. The structure 
shown in Fig. 2.11(b) also suits application to an open-winding synchronous 
generator, as shown in Fig. 2.12 [67][73]. 
 The arrangements presented in Figs. 2.11(b) and 2.12 have a common-mode 
current path and hence require an additional control effort to maintain the 
common-mode currents within acceptable levels. An active common-mode current 
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Figure 2.11. Three-phase parallel-connected two-level voltage-source rectifiers: (a)    
dual-winding common-emitter dual-semi-bridge and (b) open-winding 
common-emitter dual-semi-bridge. 
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compensator has been proposed in [68]. It consists of a third-harmonic phase-locked 
loop (PLL) and a common-mode proportional-integral (PI) current regulator. 
 Finally Fig. 2.13 shows a three-phase unidirectional rectifier introduced by 
Silva et al. [76]. The structure is formed by three parallel-connected single-phase 
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Figure 2.12. Three-phase parallel-connected common-emitter dual-semi-bridge  
rectifier applied to an open-winding permanent magnet synchronous generator. 
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Figure 2.13. Three-phase rectifier formed by three parallel-connected single-phase 
common-emitter semi-bridge converters applied to an open-winding permanent 
magnet synchronous generator. 
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common-emitter semi-bridge converters and has also been applied to an 
open-winding permanent magnet synchronous generator. 
2.3. Semi-Bridge Converters Derived from Multilevel Structures 
 Multilevel converters use arrays of power semiconductor devices and 
capacitive-type voltage-sources to produce stepped output voltages of substantially 
improved quality when compared to the two-level voltages generated by standard 
topologies. 
 These converters offer benefits of operation with DC-bus voltages higher than 
their individual semiconductor device voltage ratings, and superior harmonic 
performance for a given switching frequency because of the harmonic cancellation 
that can be achieved [77][78]. These benefits allow a better trade-off between 
efficiency, switching frequency, and filter inductance, than their two-level 
counterparts. 
 As the severity of current harmonic distortion in semi-bridge structures 
operating in CCM is directly proportional to the filter inductance [3][4], the superior 
harmonic performance of multilevel converters adds a further benefit of reduced 
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Figure 2.14. Multilevel converter phase legs: (a) five-level CHB, (b) three-level FC, 
and (c) three-level NPC. 
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current distortion for semi-bridge rectifier applications. 
 While a diversity of multilevel topologies have been proposed over the last few 
decades, the most established structures are the neutral-point clamped (NPC) [79], the 
flying-capacitor (FC) [80], and the cascaded H-bridge (CHB) [81] inverters. 
Examples of these three arrangements are shown in Figs. 2.14(a), 2.14(b), and 
2.14(c), respectively. 
 Among these multilevel architectures, the NPC is very widely used in industrial 
applications [82]. The FC and CHB are of particular interest for higher voltage 
applications, since they can be constructed by combining modular lower power 
modules [77]. In addition the FC multilevel converter does not need isolated 
DC-sources, which potentially reduces both its volume and cost compared to a CHB, 
particularly for higher power applications [83]. 
 This section describes the research efforts presented for developing multilevel 
semi-bridge architectures and their applications. 
2.3.1. Single-Phase Cascaded Semi-Bridge Rectifier 
 Figure 2.15 shows a single-phase cascaded common-emitter semi-bridge 
rectifier structure proposed by Heldwein et al. [84]. The arrangement provides two 
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Figure 2.15. Single-phase cascaded common-emitter semi-bridge rectifier with two 
independent DC-link voltages. 
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individual DC-link voltages that in principle must be controlled independently. The 
use of PSC-PWM allows an apparent input switching frequency at twice the active 
device switching frequency. The architecture can be extended to any number of cells 
and offers high efficiency compared to other unidirectional rectifier structures. This 
topological reduction was proposed in [84], but to date no practical experimentation 
or specific application has been reported in the literature. 
2.3.2. Single-Phase Boost PFC using a Semi-Bridge FC Phase Leg 
 Figure 2.16 shows a single-phase boost PFC rectifier proposed by Forest et al. 
using a three-level semi-bridge flying-capacitor converter phase leg to control the 
DC-DC voltage boost process [85]. The use of the reduced FC phase leg allows 
operation at higher DC output voltages compared to the standard single switch PFC 
structure. However the input rectifier diodes are still rated at the full DC output 
voltage, and hence their forward voltage-drop will be higher than for lower voltage 
rated devices. This limits the maximum rectifier efficiency. 
 
Figure 2.16. Single-phase boost PFC rectifier using semi-bridge flying-capacitor 
converter phase leg. 
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2.3.3. Neutral-Point Clamped Converter Phase Leg 
 Figure 2.17 shows a unidirectional arrangement for the neutral-point clamped 
converter phase leg, also introduced by Heldwein et al. [84]. In this structure the 
uppermost and bottommost active devices have been replaced by diodes. This 
architecture offers a limited but balanced set of switching states, namely a set with the 
same number of states offering a positive and a negative neutral-point current, 
making possible the balancing of the neutral-point voltage. 
2.4. Semi-Bridge Coupled-Inductor Converter Phase Legs 
 One of the more recent variations reported for voltage-source inverters is the 
inclusion of a coupled-inductor into the phase leg between the upper and lower 
switching devices [86][87][88][89][90][91][92], as shown in Fig. 2.18(a). This 
coupled-inductor arrangement allows the phase leg to generate three switched output 
voltages with only two active switching devices: 
DCV?  when the upper switch is ON, 
DCV?  when the lower switching is ON, and 0V  when both switches are ON (i.e. the 
illegal shoot-through state for a conventional two-level inverter phase leg). 
 An extension of this concept has also been reported for a three-level NPC 
inverter, achieving five level switched output voltages using essentially a three-level 
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Figure 2.17. Topologically reduced neutral-point clamped converter phase leg. 
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NPC inverter phase leg with the inclusion of a coupled-inductor and two additional 
diodes into each phase leg structure [93][94], as shown in Fig. 2.19(a). 
 In the first instance, both these coupled-inductor topologies appear to be new 
inverter structures. However, more detailed analysis identifies that they are in fact 
combinational derivatives of the semi-bridge phase leg structure, as illustrated in 
Figs. 2.18(b) and 2.19(b) for the H-bridge and NPC structures, respectively. 
 Note from Figs. 2.18(a) and 2.18(b) that the two freewheeling diodes 
21D  and 
12D  shown in Fig. 2.18(a) are the lower and upper diodes of the common-collector 
and common-emitter semi-bridge phase legs shown in Fig. 2.18(b). Similarly, observe 
in Figs. 2.19(a) and 2.19(b) that the two freewheeling diodes 
34D  and 56D  shown in 
Fig. 2.19(a) are the lower and upper pairs of diodes 
31 41{ , }D D  and 12 22{ , }D D  of 
high-side and low-side semi-bridge NPC phase legs shown in Fig. 2.19(b). 
 The topology shown in Fig. 2.18(b) is similar to the opposed current converter 
(OCC) introduced by Stanley and Bradshaw in 1997 [95][96]. However the inductors 
are uncoupled and the anti-parallel diodes of switches 
11S  and 22S  are not present in 
the OCC topology. 
 The concept of coupled-inductor semi-bridge converters has also been applied 
to single-phase rectifier structures as shown in Fig. 2.20 [90], where Fig. 2.20(a) 
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Figure 2.18. Three-level H-bridge coupled-inductor converter phase leg: (a) 
representation with the coupled-inductor positioned within the upper and lower 
switches and (b) redrawing as two complementary two-level semi-bridge phase legs 
with their outputs connected to the coupled-inductor. 
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shows a three-level single-core architecture and Fig. 2.20(b) illustrates a four-level 
three-limb core arrangement. 
 The understanding of the origins of these coupled-inductor topologies leads to a 
number of benefits. Firstly, the common topological reduction process for the HB and 
NPC coupled-inductor inverters allows a third family member to be readily derived, 
based on a FC multilevel structure. Secondly, it is then straightforward to identify 
how best to modulate and control these reduced topology converters, since there is a 
wealth of established knowledge about how best to control their full-bridge 
counterparts. And finally, at least for the IGBT based variants, the identification of 
their common semi-bridge origin allows additional unnecessary diodes to be removed 
from the reduced topologies, reducing their silicon device count to exactly match 
their full-bridge counterparts. The development of these concepts is part of the 
contribution of this thesis, and is presented in Chapter 6. 
2.4.1. Open-Loop Modulation 
 Single-phase coupled-inductor converters are typically modulated using 
phase-shifted carrier PWM (PSC-PWM) [33][86][87][88][89][91]. The use of this 
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Figure 2.19. Five-level NPC coupled-inductor converter phase leg: (a) representation 
with the coupled-inductor positioned within the upper and lower switches and (b) 
redrawing as two complementary three-level semi-bridge NPC phase legs with their 
outputs connected to the coupled-inductor. 
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modulation strategy allows the cancelling of carrier group harmonics between the two 
unidirectional phase legs. Hence the output terminal offers a higher number of 
switched voltage levels compared to each individual unidirectional phase leg 
switched voltage, as a direct consequence of harmonic cancelling. 
 For three-phase systems the use of a three-limb core instead of three individual 
cores for the realisation of the coupled-inductor offers the benefits of DC flux 
cancelling and significantly smaller core size. However the modulation process in this 
case becomes more complex because of the flux interactions within the monolithic 
core. 
 A variety of discontinuous PWM and space vector modulation strategies have 
been proposed over the recent years to manage the interplay of flux in three-limb 
cores [87][88][92][97][98][99][100]. The aim of these strategies is to select the 
switching states where the coupled-inductor presents a low winding current ripple and 
a high effective inductance between the upper and lower switches in each inverter leg. 
(a)
    
(b)
    
Figure 2.20. Single-phase coupled-inductor semi-bridge rectifiers: (a) three-level   
single-limb core and (b) four-level three-limb core. 
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 Therefore the use of coupled-inductor converters in three-limb core applications 
requires a compromise between the harmonic quality of the PWM pattern and the size 
and cost benefits given by the DC flux cancelling and core size optimisation. 
2.4.2. Common-Mode Current Control 
 The unidirectional conducting property of the complementary phase legs of a 
coupled-inductor topology presents a significant control challenge, since the 
coupled-inductor currents must flow continuously to ensure that the phase leg 
freewheeling diodes always conduct when their associated active switch turns off [86]
[87][88][89][90][91][92][93][94][101][102]. A failure to enforce this condition 
results in an ill-defined phase leg output voltage, leading to a consequential 
degradation of the converter spectral performance. 
 Hence the converter control process must introduce a DC bias into the 
coupled-inductor winding currents to guarantee continuous conduction mode (CCM) 
operation, irrespective of the instantaneous AC peak current and converter non-ideal 
effects (e.g. semiconductor voltage-drops). While the need for such a control process 
is well-recognised [86][87][88][89][90][91][92][93][94][101][102], the strategies 
published to date do not consider fast transient load conditions. This theme will be 
revisited in detail in Chapter 7. 
2.5. Summary 
 This chapter has presented a review of the semi-bridge converter topologies 
reported in the literature during the last thirty years. 
 The analysis has indicated that while there is a rich understanding on how to 
modulate and control the single-phase semi-bridge rectifier structure, the impact that 
its topological constraint imposes on the input current harmonic performance has not 
been fully quantified. 
 The study has also shown that when moving to three-phase systems the intrinsic 
limitation of the semi-bridge architecture results in non-sinusoidal input currents over 
large sections of a fundamental cycle. In this case, a considerably better performance 
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is achieved using parallel-connected structures because of the complementarity of 
these distortion periods between the individual converters. 
 The investigation has also pointed out that the derivation of semi-bridge 
converters from multilevel arrangements is well-developed but still not fully 
explored. For example, no practical experimentation or specific application of the 
cascaded semi-bridge rectifier structure has been reported. 
 Another multilevel structure that has not been fully explored is the semi-bridge 
flying-capacitor phase leg. This arrangement has been proposed for the less efficient 
boost PFC rectifier, but has not been adopted for a complete semi-bridge rectifier, i.e. 
a rectifier formed by two topologically reduced flying-capacitor converter phase legs. 
 The review has also illustrated that the two coupled-inductor multilevel 
arrangements that have been proposed in the literature originate from semi-bridge 
structures. This understanding has led to a series of benefits which as previously 
mentioned will be presented in detail in Chapter 6. Furthermore, still within this field 
of investigation, the need for controlling the common-mode current on this family of 
converters has been recognised but yet not addressed. 
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Chapter 3  
Intrinsic Operating Limits 
of Semi-Bridge Converters
1
 
 It is well recognized that only unidirectional power can flow through each 
phase leg of a single-phase semi-bridge rectifier, because of the lack of a reverse 
current path through a controlled upper switch (for a common-mode emitter 
arrangement). However, as the analysis of previous work presented in Chapter 2 
identifies, the precise analytical limitation that this constraint imposes on the rectifier 
operation has not been fully quantified in the literature. Hence the best possible 
distortion limits of any associated current regulator remain unknown. This has a 
significant impact on the controller design and optimization processes. 
 This work addresses this question by analytically determining the input current 
distortion produced by the operating limitation of single-phase two-level semi-bridge 
rectifier architecture. The result is used to predict the lowest possible input current 
Total Harmonic Distortion (THD) as converter parameters and working conditions 
are varied, taking into account second-order effects such as input voltage harmonics 
and semiconductor device voltage-drops. With this knowledge, a simple 
proportional-integral (PI) current regulator with back-emf feed-forward compensation 
is shown to be quite sufficient to achieve this best possible distortion performance. 
                                                 
The material in this chapter was first published in part as: 
C. A. Teixeira, D. G. Holmes, and B. P. McGrath, “Intrinsic Operating Limits of a Single-Phase 
Semi-Bridge Rectifier in Continuous Conduction Mode,” in 37th IEEE Industrial Electronics Annual 
Conference (IECON 2011), 2011, pp. 1331-1336. 
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3.1. The Constraint of the Semi-Bridge Structure 
 Figure 3.1 shows the eight possible conduction states of a single-phase 
two-level full-bridge rectifier, where the switched voltage 
ABV  can take one of three 
voltage levels (
DCV? , 0V , or DCV? ) irrespective of the direction of the grid input 
current 
INi . It is this flexibility of operation that gives a full-bridge converter the 
capability to operate in all four quadrants as shown in Fig. 3.2, because it can be 
commanded to produce a switched voltage of either polarity for both positive and 
negative input currents. 
 In contrast, the single-phase two-level common-emitter semi-bridge rectifier 
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Figure 3.1. Operating modes of a single-phase two-level full-bridge rectifier. 
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has only four possible conduction states as shown in Fig. 3.3, because of the lack of a 
reverse polarity current path through the upper phase leg switches. From Fig. 3.3, 
when the grid voltage is positive, irrespective of the command that switch 
4S  
receives, the switched rectifier voltage 
Bv  remains clamped at 0V  because of the 
returning current flowing through it. A similar situation occurs for switch 
2S  and the 
switched rectifier voltage 
Av  when the grid voltage is negative. Consequently, 
switching states (1) and (2) shown in Fig. 3.1 merge into state {1,2} shown in 
Fig. 3.3, while states (3) and (4), (5) and (7), as well as (6) and (8) from Fig. 3.1 
merge into states {3,4},  {5,7},  and {6,8}  of Fig. 3.3, respectively. 
 Hence this reduced converter can only operate in quadrants (I) and (III) 
illustrated in Fig. 3.2, which is where the switched voltage 
ABv  always has the same 
polarity as the grid input current .INi  This intrinsic limitation compromises the ability 
of a semi-bridge rectifier to accurately maintain a sinusoidal input current, as will 
now be explained. 
 Figure 3.4(a) shows an averaged AC representation of a single-phase rectifier 
connected to the grid. The usual operating target for such a system is to maintain a 
sinusoidal input current with minimum THD that is exactly in phase with the grid 
input voltage. Figure 3.4(b) shows a phasor representation of this operating condition, 
with the average of the converter switched voltage represented as the phasor .ABV  
 From this phasor diagram, the required converter average AC voltage 
ABV  is 
not at unity power factor with respect to the grid input current 
INI  since it is 
phase-shifted by .?  The consequence of this requirement is that during each 
fundamental cycle the converter must operate in the second and fourth quadrants for 
vAB
iIN
(I)(II)
(III) (IV)
?iIN , ?vAB?iIN , ?vAB
?iIN , ?vAB?iIN , ?vAB
 
Figure 3.2. Quadrants of operation of a single-phase full-bridge converter. 
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short periods of length ?  after the rising and falling zero-crossings, respectively. As 
shown in Figs. 3.4(c) and 3.4(d), a full-bridge converter is capable of providing this 
operation and hence is able to synthesise a sinusoidal grid input current. 
 On the other hand, a semi-bridge topology only works in the first and third 
quadrants. This inherently compromises the grid input current synthesis as illustrated 
in Figs. 3.4(e) and 3.4(f). More specifically, Figs. 3.4(e) and 3.4(f) show two cusp 
distortion windows 
PW  and NW  of widths P?  and N?  appearing in the input 
current .INi  Distortion window PW  occurs when ˆABv  should be negative during the 
first half of the period .P?  However, the best the rectifier can provide is ˆ 0,ABv ?  
which is not enough to drive the input current 
INi  to its target reference. Similarly, as 
shown in detail in Fig. 3.4(f), distortion window 
NW  occurs when ˆABv  should be 
positive during the first half of the period .N?  Once again, the best the semi-bridge 
rectifier can provide is ˆ 0,ABv ?  which again is not enough to drive the input current 
INi  to its target reference. 
 These input current cusp distortions are a direct consequence of unidirectional 
topological constraint of a semi-bridge converter. Hence they cannot be mitigated by 
any control action. 
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Figure 3.3. Operating modes of a single-phase two-level common-emitter semi-bridge 
rectifier. 
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3.2. Theoretical Input Current Distortion 
 In general terms, the semi-bridge rectifier input current distortion increases with 
an increasing phase-shift ?  between the input current and the averaged switched 
converter voltage. This in turn is determined by the magnitude of the input filter 
inductance. However, the distortion is quite non-linear, and it is also significantly 
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Figure 3.4. Single-phase rectifiers operating in continuous conduction mode: (a) 
averaged representation, (b) phasor diagram for unity power factor operation, (c, e) 
supply voltage, input current, and averaged rectifier voltage, and (d, f) zoom of 
graphs (c, e). 
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affected by second-order effects such as grid supply harmonics, and semiconductor 
device voltage-drops. Hence careful analysis is required to precisely quantify the 
distortion magnitude for any particular converter parameters and operating 
conditions. 
 Figure 3.5 shows a complete fundamental cycle of the input current ( )INi t  with 
four stages, being distortion window 
PW  labelled (A), stage (B) where it is assumed 
that the current regulator can accurately make the input current track the sinusoidal 
reference ( )REFi t , distortion window NW  labelled (C) and stage (D) where again the 
input current is assumed to be able to accurately track the sinusoidal reference. 
 For stages (B) and (D), ( )INi t  can be directly written as 
 ? ?
/ max
( ) ( ) sin
B DIN REF REF O
i t i t I t? ? ?   (3.1) 
 For stages (A) and (C), where both lower switches are conducting to 
produce 0V  output, the input current waveform must be analytically solved, using 
the reduced rectifier circuit configurations shown in Fig. 3.6. This can be done as 
follows. 
 Applying Kirchhoff’s voltage law to these reduced circuit configurations gives 
 
( )
( ) ( ) 0INS IN D
di t
e t Ri t L V
dt
? ? ? ? ?   (3.2) 
where 
DV  is the sum of the forward switching device voltage-drop FV  and the reverse 
conduction diode voltage-drop .RV  D F RV V V? ?  for stage (A) and ( )D F RV V V? ? ?  
for stage (C). 
 The supply voltage ( )Se t  is defined as a fundamental sinusoid with a series of 
low order harmonics, expressed as 
 ? ? ? ?1
2
( ) sin sinS O k O k
k
e t E t E k t
?
?? ? ? ? ? ??   (3.3) 
Substituting (3.3) into (3.2), and solving (3.2) with initial conditions ? ?0 0INi ?  for 
(A) and ? ? 0INi ? ?  for (C), gives 
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which has essentially three elements: a DC component, a steady-state component, and 
a transient component. Equation (3.4) is valid for stages (A) and (C) only, over the 
period 0 Pt ? ??  for the positive half-cycle and 0 Nt ? ??  for the negative 
half-cycle. The stage limits can be evaluated by numerically determining when 
 ? ? ? ?
A BIN P IN P
i i? ? ?  and ? ? ? ?.
C DIN N IN N
i i? ? ?   (3.5) 
 Equations (3.1) and (3.4), over the time periods determined by the limits 
defined by Eqn. (3.5), provide an analytical time varying expression of the distorted 
input current over a complete fundamental cycle for any particular filter impedance 
and target input current. This analytical solution takes into account two significant 
practical second-order effects, namely grid voltage harmonics and semiconductor 
device forward and reverse voltage-drops. 
 Note that since Eqn. (3.4) was developed using the averaged value of switched 
converter voltage instead of its instantaneous value, the applicability of this equation 
is better for pulse ratios / 20.C Op f f? ?  
 
Figure 3.5. Stages of a fundamental cycle of the input current. 
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 A MATLAB script was developed to conveniently calculate the time varying 
analytical solution for the input current of a semi-bridge rectifier for a given set of 
converter parameters and operating conditions. This script is included in Appendix A. 
A second MATLAB script was used to determine the harmonic components from the 
analytical solution using the fast fourier transform (FFT) algorithm, so that the 
theoretical input current THD can be calculated using 
 
? ?2
2
n
i
i
h
THD
n
?? ? , (3.6) 
where 
1h  is the magnitude of the fundamental component, ih  is the magnitude of the 
thi  harmonic, and n  is the highest order harmonic of interest. This script, which also 
plots the spectrum of the theoretical input current, is also included in Appendix A. 
3.3. Theoretical Minimum Input Current THD 
 The analysis strategy of the previous section has been applied to a single-phase 
two-level common-emitter semi-bridge rectifier with the parameters and operating 
conditions defined in Table 3.1, which follows presented later in this chapter. These 
conditions have been specifically chosen to match the simulated and experimental 
systems which were used to validate the work. The boost filter inductance is 
expressed in per-unit form, using the pu base definition given in Table 3.1, to 
generalize the results and conclusions. All THDs were calculated up to the 40
th
 
harmonic to account for the low-order harmonics, while disregarding the first carrier 
frequency group harmonics. 
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Figure 3.6. Reduced rectifier circuit configurations during stages (A) and (C). 
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 Figure 3.7 shows the increase in theoretical minimum THD as the boost filter 
inductance increases. From this result, to achieve for example a THD of less than say 
2%, the filter inductance must be less than approximately 0.15 pu. This per-unit 
inductance in turn implicitly defines the minimum possible ripple current that can be 
achieved for a given switching frequency. 
 Figure 3.7 also shows the increase in THD caused by the effect of switching 
device voltage-drop, which indicates that a single-phase two-level semi-bridge 
rectifier, either the common-emitter structure shown in Fig. 2.2(c), or the 
common-collector arrangement shown in Fig. 2.2(d), will produce less input current 
THD than the single-phase two-level boost PFC illustrated in Fig. 2.2(b), because of 
its reduced number of device voltage-drops (two instead of three). 
 
Figure 3.7. Per-unit inductance versus input current THD% (ideal supply voltage): (a) 
ideal devices and (b) devices with voltage-drops [ 5DV V?  for stage (A) and 
4DV V? ?  for stage (C)]. 
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 Furthermore, the conclusion from Fig. 3.7 that lower semiconductor 
voltage-drops reduce the input current THD implies that the modulation pattern 
applied to the semi-bridge converter may also potentially affect its low-order input 
current harmonic performance. More specifically, the 180
o
DPWM technique shown 
in Figs. 3.8(a, b), typically chosen when the active semiconductor switches are 
MOSFETs because they allow lower conduction and switching losses [16][17][26], 
gives a further performance advantage. The benefit is a slightly smaller input current 
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Figure 3.8. 180
o
DPWM alternatives for a single-phase common-emitter semi-bridge 
converter (open-loop, M = 0.9, /C Of f  = 20): (a, b) structure and (c, d) waveforms. 
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THD than the simplified modulation scheme [19][22] illustrated in Figs. 3.8(c, d). 
This occurs because the semiconductor voltage-drop in the returning conduction path 
is lower for the PWM technique from Figs. 3.8(a, b) than for the technique from 
Figs. 3.8(c, d). The explanation for this lower returning voltage-drop is given as 
follows. 
 For the modulation shown in Figs. 3.8(a, b), during the half fundamental period 
when the grid current returns through one of the lower active switches, that switch is 
kept always on. In contrast, for the simplified modulation presented in Figs. 3.8(c, d) 
this same active switch receives a pulsed gate command during that time interval. 
Hence for the second alternative the benefit of lower voltage-drop offered by the 
source-drain junction of a MOSFET when compared to its body-diode is only partly 
used, i.e. just for the time instances when the gate command is logic level one in 
Fig. 3.8(d). 
 Figure 3.9 shows the effect of line resistance on the theoretical minimum THD. 
Essentially, all realistic levels of line resistance – up to a very high 13.7% pu in 
Fig. 3.9 – have minimal influence on the THD limits. 
 Figure 3.10 shows the influence that grid source harmonics has on the input 
current cusp distortion (third harmonic component only, for illustrative purposes), and 
 
Figure 3.9. Per-unit inductance versus input current THD% for different per-unit line 
resistance 
puR  (ideal supply, devices with voltage-drops). 
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shows the time response for three different specific scenarios, a first where the grid 
voltage is a fundamental sinusoid only (Figs. 3.10b and 3.10e), a second where the 
grid voltage has an in-phase 10% third harmonic that results in more voltage after the 
zero-crossings and less cusp distortion (Figs. 3.10a and 3.10d), and a third where the 
grid voltage has an out-of-phase 10% third harmonic that results in less voltage after 
the zero-crossings and more cusp distortion (Figs. 3.10c and 3.10f). From this figure, 
the grid harmonics affect the cusp shape because during the distortion periods they 
provide more (for in-phase harmonics) or less (for out-of-phase harmonics) grid 
voltage than a simple sinusoid. This for example for in-phase harmonics drives the 
input current more quickly to reach the sinusoidal target reference and allows the 
current regulator to resume normal control operation. 
 Figure 3.11 shows the result of this influence on the theoretical minimum THD. 
From this figure, in-phase grid harmonics reduce the input current THD while 
out-of-phase (i.e. 180
o
 phase-displaced) grid harmonics increase this THD. The 
change in THD in Fig. 3.11 is for a supply voltage with 3% for each of these 3
rd
, 5
th
, 
 
Figure 3.10. Effect of grid harmonics on the input current distortion: (a) supply 
voltage with in-phase 3
rd
 harmonic (10%), (b) clean supply voltage, (c) supply 
voltage with out-of-phase 3
rd
 harmonic (10%), and (d, e, and f) resulting input current 
cusp region for supply conditions (a, b, and c). 
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7
th
 and 9
th
 harmonics. Using Eqns. (3.1) to (3.5), similar results can be calculated for 
different source harmonic mixes as may be required. 
3.4. Input Power Factor versus Input Current THD 
 The conclusions developed in the previous sections are for an idealised unity 
power factor condition, which requires perfect synchronism between grid voltage and 
input current. However practical synchronisation approaches invariably have some 
small deviation from this ideal scenario. For this reason it is relevant to include in the 
performance analysis of semi-bridge converters, CCM operation at non-unity power 
factor conditions. 
 Figure 3.12(a) illustrates the variation in input current THD as the input power 
factor is changed, where the angle ?  is the phase displacement of input current in 
relation to the grid voltage. As shown in this graph, an input leading power factor 
significantly increases the THD. In addition, a lagging input power factor initially 
decreases the THD, until a specific phase displacement is reached. An even more 
lagging input power factor then increases the input current distortion. Hence optimal 
 
Figure 3.11. Per-unit inductance versus input current THD%: (a) with ideal supply 
voltage, (b) with supply voltage containing in-phase 3
rd
, 5
th
, 7
th
, and 9
th
 harmonics 
(3% each), and (c) with supply voltage containing out-of-phase 3
rd
, 5
th
, 7
th
, and 9
th
 
harmonics (3% each). 
 Chapter 3. Intrinsic Operating Limits of Semi-Bridge Converters 
46 
minimum input current THD is achieved for a specific lagging angle ,?  at a 
non-unity, but usually still very high, input power factor. 
 The dependence of input current harmonic performance on input power factor 
can be easily understood by inspecting the phasor diagrams shown in Figs. 3.12(b) 
and 3.12(c), where the unity input power factor condition is drawn in short-dashed 
gray lines. As shown in Fig. 3.12(b), a leading angle ?  increases the phase shift ?  
between input current IIN  and averaged rectifier switched voltage V ,AB  requiring 
more operation in the quadrants (II) and (IV) which are unavailable for a semi-bridge 
converter. For this reason, more low-frequency harmonic distortion occurs in the 
input current because of the cusp effect. Conversely, as shown in Fig. 3.12(c), a 
lagging angle ?  decreases the phase shift .?  Hence this scenario generates less cusp 
(a)
    
ES?lead???
 
(b) 
ES
?lag ???
IIN
 
(c) 
Figure 3.12. Effect of input power factor on the input current THD% (ideal supply 
voltage and ideal power devices): (a) Graphs for three different per-unit filter 
inductances, (b) phasor diagram for leading current, and (c) phasor diagram for 
lagging current. 
Chapter 3. Intrinsic Operating Limits of Semi-Bridge Converters 
47 
distortion. From Fig. 3.12(c) it becomes clear that the optimal operating point for 
minimal distortion occurs when the input current IIN  and the averaged switched 
rectifier voltage VAB  are in-phase, because for this condition the phase-shift ?  
becomes equal to zero and the converter always operates in quadrants (I) and (III). 
 In addition, inspecting Fig. 3.12(a) in detail and considering for example a 
per-unit inductance of 0.1 pu, it can be seen that the THD varies ?0.5% for a change 
of ?1o in the phase angle ?  compared to the unity input power factor scenario. This 
highlights the importance of using a precisely tuned grid synchronism algorithm if the 
theoretically predicted input current THD is to be achieved at a practical level. 
 Since the analysis presented in this section is based on the averaged switched 
converter voltage, the THD values shown in Fig. 3.12(a) do not account for switching 
harmonics and hence are “best case” results that require pulse ratios / 20C Op f f? ?  
to be realistically achievable. 
3.5. Optimal Inductance for Minimum Distortion 
 The analysis presented so far assumes that the semi-bridge converter is always 
operating in continuous conduction mode (CCM). However, depending on the 
 
Figure 3.13. Input current of semi-bridge and full-bridge rectifiers in the vicinity of 
the rising-edge zero-crossing region. 
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working conditions and the size of input filter inductance, the conduction mode in this 
topology might temporarily switch to discontinuous (DCM) around the zero-crossings 
because of the limited semi-bridge two-quadrant unidirectional capability, as shown 
in Fig. 3.13. This figure presents the simulated input current of semi-bridge and 
full-bridge rectifiers around the rising-edge zero-crossing region, and shows that the 
behaviour of the synthesised current within this region is rather different between 
these two topologies. 
(a)
   
(b)
    
Figure 3.14. Effect of cusp and DCM distortions on the input current THD%: 
(a) per-unit boost filter inductance versus input current THD% (
Of  = 50 Hz, Cf  = 
10 kHz) and (b) input current waveforms during the rising-edge zero-crossing. 
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 For the full-bridge rectifier the input current remains working in CCM for all 
the zero-crossing vicinity. This occurs because the converter is able to provide the 
operation in the (II) and (IV) quadrants required for the current to cross the 0-axis and 
this avoids any current discontinuity. 
 However for the semi-bridge rectifier the input current is unable to cross the 
0-axis boundary during the positive and negative regions indicated in Fig. 3.13 
because this would require operation in quadrants where this reduced topology cannot 
work. Consequently the input current clamps to zero for short instances of some 
switching periods and this characterises DCM operation. This partly-DCM 
functioning introduces a further and usually more substantial low-order input current 
distortion than the CCM cusp distortion previously discussed. 
 Figure 3.14(a) illustrates how these two distortions affect the input current THD 
as the per-unit filter inductance is varied. This graph was generated from a set of 
simulations using different per-unit input filter inductances ranging from 0.15 pu 
down to a very small pu value, and adopting a fixed carrier-to-fundamental pulse ratio 
of / 200,C Op f f? ?  more specifically 50Of ?  Hz and 10Cf ?  kHz. For each 
simulated condition, the magnitude of the input current harmonic components and the 
THD up to the 40
th
 harmonic were calculated using the MATLAB script included in 
 
Figure 3.15. Per-unit boost filter inductance versus input current THD% for different 
pulse ratios (
Of  = 50 Hz, Cf  = 10 kHz, 5 kHz, and 2.5 kHz). 
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Appendix A. From this figure, beginning with a large inductance and fully-CCM 
operation, a decrease in the pu value produces a directly proportional reduction in the 
input current THD, until the pu inductance on the boundary CCM/DCM is reached. 
Then the relationship becomes inverse, i.e. a smaller inductance generates more THD. 
 From waveforms (1) to (3) of Fig. 3.14(b), for inductances within the 
fully-CCM region the distortion is caused by the cusp effect, while from waveforms 
(5) and (6), for smaller pu inductances and partly-DCM operation the zero-crossing 
current discontinuities are responsible for the increase in THD. From Fig. 3.14(a) the 
optimal filter inductance for minimal distortion is at the boundary CCM/DCM. 
 For a pulse ratio / 200C Op f f? ?  this inductance is around 0.02 pu and that 
corresponds to the waveform (4) of Fig. 3.14(b). If the pulse ratio changes, this 
optimal point varies accordingly as shown in Fig. 3.15, which reproduces the scenario 
for 200p ? , and includes scenarios for 100p ?  and 50p ? . 
 The main inference from Figs. 3.14 and 3.15 is that the choice of filter 
inductance of a semi-bridge rectifier requires a trade-off between cusp and DCM 
distortions. The selection of a large inductance to fulfil CCM operation over the entire 
fundamental cycle and for all working conditions causes a considerably large cusp 
distortion. Conversely, a small inductance results in negligible distortion produced by 
the cusp effect, but may eventually result in large low-order harmonics because of 
partly-DCM operation. 
3.6. Cascaded Control System 
 The validation of the concepts introduced in the previous sections required the 
development of a control structure for the simulation and experimental investigations. 
This control structure was developed for use in conjunction with the simpler 
modulation approach shown in Figs. 3.8(c, d). This modulation scheme was chosen 
because the experimental system adopted in the validation process uses an 
IGBT-based power stage and the modulation option shown in Figs. 3.8(a, b) would 
not offer further benefits in this experimental setting. 
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 The control system uses a cascaded approach, with an outer DC bus voltage PI 
control loop commanding a current target for the inner current loop PI regulator 
(chosen because of its simplicity and convenience) as shown in Fig. 3.16. From this 
figure, ? ?*DCV s  is the commanded DC bus voltage, ? ?*INI s  is the absolute value of 
required input current, which is calculated by multiplying the absolute value of 
current magnitude commanded by the DC voltage loop with a rectified sinusoid that 
is synchronised to the grid, ? ?V s  is the average commanded voltage fed to the PWM 
modulator from the current regulator to minimize the current error ? ? * ( ) ( )IN IN INI s I s I s? ? ? , and ? ?SE s  represents the grid back-emf voltage. The 
voltage difference ? ? ? ?SE s V s?  feeds through the plant representation ? ?PG s  to 
produce the actual grid current ? ?.INI s  
 Usually the major contributor to steady-state AC current error in this control 
system is the sinusoidal grid back-emf voltage ? ?SE s . An alternative to minimize 
this contribution and improve the current control performance is to use the 
feed-forward compensation term ? ?SE s  shown in Fig. 3.16. This feed-forward term 
is beneficial because the input current ? ?INI s  is essentially driven by the voltage 
difference ? ? ? ?SE s V s?  across a relatively small per-unit inductance. Hence for 
unity power factor operation the pattern of the average commanded voltage ? ?V s  is 
ES(s)
V(s)?IIN(s)
VDC(s)?VDC(s)
GC(s)
Current Controller
GP(s)
IIN(s)
Sampling and
Transport Delay
F(s)
Feed-Forward
Sampling and
Transport Delay
DsTe
?|ES(s)|
GV(s)
Voltage
Controller
S/H
|sin(2?fOt)| fO
?????
?????|IIN(s)|
)(
*
sVDC
)(
*
max sIIN)(
*
sI
IN
DsTe
?
 
Figure 3.16. Cascaded control system of a single-phase two-level common-emitter 
semi-bridge rectifier. 
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mostly defined by ? ? ,SE s  and feeding forward this voltage reduces the burden on 
the current regulator PI loop. 
 From the averaged model representation shown in Fig. 3.4(a), the plant transfer 
function for this system is given by 
 
1 1
( )
1
P
P
G s
R sT
? ?? ? ??? ?   (3.7) 
where 
PT L R? , with R representing the line resistance and L the filter inductance. 
 The input current regulator uses a simple PI controller given by 
 
1
( ) 1C PI DC
II
G s k V
s
? ?? ?? ??? ? .  (3.8) 
For this controller 
PIk  is the proportional gain, and II?  is the integrator gain, 
expressed as a time constant in accordance with normal PI controller convention. The 
PWM modulator has been modeled as a linear amplifier with 
DCV  gain which has 
been integrated into the controller block function ( )CG s  for simplicity. 
 As for a full-bridge converter [41][42][43], the maximum achievable PI gains 
for the input current regulator of a semi-bridge rectifier are limited by two practical 
 
Figure 3.17. Computation and transport delays caused by the PWM process and 
digital controller sampling/computation. 
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implementation delays, namely the inherent quarter-carrier-period transport delay of 
asymmetrical regular sampled PWM, and the half-carrier computation delay caused 
by the synchronously sampled current measurement adopted to filter the switching 
ripple current, as shown in Fig. 3.17. From this figure, the modulation command 
ABm  
is frozen at the start of each half-carrier period 2CT  and compared against the 
triangular carrier c to create the switch operating states as the carrier crosses this 
sampled command signal. Intrinsically, this process introduces a 1 4 CT  transport 
delay into the control loop. In addition, the input current 
INi  is acquired at every 
half-carrier period to become the synchronously sampled input current 
INssi . Since the 
process of analog-to-digital (A/D) conversion and calculation takes a finite amount of 
time, a new value for the modulation command 
ABm  is therefore only available after a 
1 2 CT  delay. 
 Representing sampling and transport delay as an DsTe?  time delay in the forward 
path as shown in Fig. 3.16, the system open-loop gain is defined as 
 ? ? ? ? ? ?? ?1 1 DsTIIPI DCC P II Ps ek VG s G s R s sT ?? ?? ? ? .  (3.9) 
 The phase angle of this forward path loop gain at the cross-over frequency 
C?  
is given by (in radians) 
 
? ? ? ?? ?? ?? ?
? ? ? ?1 1
1
1
tan tan .
2
C D
C C P C
j T
C IIPI DC
II C C P
M
C II C D C P
G j G j
j ek V
R j j T
T T
? ?
? ?
? ? ?? ?? ? ?? ?? ?? ?? ? ? ?? ?? ??? ? ?? ? ? ? ?? ? ?
  (3.10) 
 The cross-over frequency for such a system is almost invariably well above the 
plant pole frequency and hence 
 ? ?1tan 2C PT? ?? ? .  (3.11) 
 Thus, from Eqn. (3.10) 
 ? ?1tanM C II C DT?? ? ? ? ??   (3.12) 
which gives 
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? ?1tan C II M
C
DT
? ? ? ??? ? .  (3.13) 
 From Eqn. (3.13) the maximum value of cross-over frequency 
C?  for a given 
phase margin 
M?  occurs when ? ?1tan / 2,C II? ? ? ? ?  so that 
 ( )
2 M
C MAX
DT
? ??? ? .  (3.14) 
 The maximum value of 
PIk  can be determined by setting the open-loop gain at 
the maximum cross-over frequency 
( )C MAX?  to unity using Eqn. (3.9), which gives 
 
? ?? ?2 2( )( ) 2 2( )1 .1 C MAX PIIPI C MAXDC C MAX IITRk V ???? ? ?? ?   (3.15) 
 Typically 
( ) 1C MAX II? ? ?  and ( ) 1C MAX PT? ? , hence Eqn. (3.15) reduces to 
 
( )C MAX
PI
DC
L
k
V
??   (3.16) 
which is dependent only on the input filter inductance, the cross-over frequency 
(determined by the transport and sampling delays), and the DC bus voltage. 
 Finally, the integral time constant 
II?  can be minimized by making ? ?1 ( )tan / 2C MAX II? ? ? ? ?  (for example 85o), which gives 
 
( )
10
II
C MAX
? ? ? .  (3.17) 
 Taken together, this strategy allows the optimized PI gain values for any 
particular plant system to be deterministically calculated. The values of these gains 
calculated for a phase margin 50oM? ?  for each of the validation conditions explored 
are listed in Table 3.1. 
 The use of feed-forward compensation and his consequential support to the 
feedback PI current regulator is particularly advantageous for a semi-bridge 
converter, since this topology has a potential for integral wind-up during the 
uncontrollable cusp intervals, which can result in current overshoot when leaving 
these regions. In this work an integral anti-wind-up strategy that resets the integral 
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term when the modulation command 
ABm  becomes zero was adopted, further 
guaranteeing a properly damped current when exiting the cusp intervals. 
 The DC bus voltage regulator also uses a simple PI controller, given by 
 
1
( ) 1V PV
IV
G s k
s
? ?? ?? ??? ?   (3.18) 
where 
PVk  is the proportional gain, and IV?  is the reciprocal of the integrator gain. 
Since this is a single-phase rectifier it typically uses a bulky DC-link capacitor to 
handle the twice fundamental frequency pulsating power. Hence a fast DC bus 
voltage regulator is unnecessary because the inertia of this large output filter capacitor 
is the primary limit of the DC-link voltage dynamic performance. 
 Therefore it is preferable to use a slow outer loop DC bus voltage PI regulator 
and sample the output of this controller at the fundamental frequency 
Of  to define the 
magnitude ? ?* maxINI s  of the commanded input current reference ? ?*INI s . This 
approach avoids any low-frequency input current harmonics caused by the dynamics 
of the bus voltage control, since it maintains the magnitude of input current reference 
constant over the complete fundamental cycle. 
 As in this scenario the dynamics of the DC bus voltage control are not critical, 
empirical adjustment of the PI gains is quite sufficient to achieve an acceptable 
performance. Hence these two gains were adjusted experimentally, resulting in values 
of 0.05 AV
-1
 and 0.5 ms, respectively as listed in Table 3.1. 
3.7. Simulation and Experimental Validation 
 The validity of the theoretical analyses developed in the earlier sections has 
been extensively verified by time-based switched simulations and experimental 
investigations, using the system parameters and operating conditions listed in 
Table 3.1. 
 Using the per-unit base system shown in Table 3.1, three different per-unit 
inductances within the typical operating range for continuous conduction 
mode (CCM) were chosen for this validation: #1 Lpu = 0.07, #2 Lpu = 0.11, and #3 Lpu 
= 0.15. For each of these three testing conditions, the time and frequency response 
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predicted by theory is compared with simulation and experimental results, initially for 
a clean fundamental grid voltage, and then for a grid voltage incorporating harmonics. 
3.7.1. Validation System 
 A complete description of the simulation and experimental systems is provided 
in Chapters 8 and 9. The aspects related to this specific validation are discussed in 
Sections 8.2.1 and 9.3.1, respectively. 
 An overview of the setup for this experimental validation is shown in Fig. 3.18. 
The system is formed by a galvanically isolated grid-connected programmable AC 
source, a configurable inductor bank, a general purpose 2 kVA converter unit, and a 
configurable resistor bank. 
 The converter unit contains a control board responsible for reading the analog 
signals (namely the AC voltage ,ACv  the input current ,Ai  and the DC-link output 
voltage )DCv , calculating the control action, and commanding the active switches 
using the logic signals 
1,As  2 ,As  1,Bs  and 2.Bs  The signals 1As  and 1Bs  are always kept 
in logic level zero to maintain the upper active switches off. For simplicity, only the 
elements of the general purpose converter unit used for this specific experimental 
setup are shown in Fig. 3.18. 
 Both the programmable AC source and converter unit communicate with a 
laptop through isolated RS-232 serial links. This laptop acts as a human machine 
interface (HMI) for the system, and basically runs two software applications. The first 
 
Figure 3.18. Overview of the experimental system: single-phase two-level 
common-emitter semi-bridge rectifier. 
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is a commercial program provided by the AC source manufacturer with the main 
purpose of configuring the pattern of the emulated grid voltage and supervising its 
operation. The second is a terminal program that allows the user to directly interact 
with the experimental converter. 
 For all investigations the programmable AC source harmonics were 
incorporated into the time-based switched simulations as well as into the theoretical 
solution predicted by Eqns. (3.1) to (3.5). 
3.7.2. Theoretical, Simulated, and Experimental Results 
 During the first part of the validation procedure the programmable AC source 
was adjusted to produce a clean sinusoidal voltage (measured THD = 0.2%). Figures 
3.19 through to 3.24 show the analytical, simulation and experimental results for the 
three different experimental inductances (0.07, 0.11 and 0.15 pu) for this step of the 
validation process. 
 Figures 3.19 through to 3.21 show the spectra of the experimental, simulated, 
and theoretical input currents for the three inductance conditions. In these figures the 
simulated and experimental spectra have a slightly bigger 3
rd
 and 5
th
 harmonic 
components when compared to the spectrum predicted by theory. 
 These spectra also show the presence of even-harmonics of small magnitude, 
more evident in the experimental results. These harmonics arise from the asymmetry 
between the semiconductor voltage-drops for stages (A) and (C), i.e. ( ) ( ) ,D A D CV V?  
as shown in Table 3.1. The voltage-drop asymmetry results in less voltage across the 
filter inductance for stage (A) than for stage (C), and with less voltage to drive the 
input current to its target, the cusp distortion lasts longer for stage (A). Consequently, 
the asymmetrical current waveform produces even-harmonics. In addition, for the 
experimental spectra, the further level of even-harmonics indicates a minor spectral 
leakage. 
 However, despite the considerable influence that practical second-order effects 
have on the input current frequency response (i.e. semiconductor voltage-drops and 
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accuracy of the grid voltage and input current synchronisation), close agreement has 
been achieved between theory, simulation and experiment. 
 Figures 3.22 through to 3.24 show the input current time responses and 
distortion region details again for the three inductance conditions, respectively. The 
exact agreement among theory, simulation, and experiment achieved in these figures 
was only possible by comparing the results on a switching period basis (namely 
CT  = 100 ?s), a very challenging task considering the level of precision of the system 
parameters and operating conditions required to achieve a close match at this time 
scale. Figures 3.23(c) and 3.24(c) show that for the experimental condition #3 the 
positive distortion window 
PW  lasts for 10 carrier periods, while the negative 
distortion window 
NW  lasts for only nine. This confirms the asymmetry of current 
waveform and consequential presence of even-harmonics in the harmonic plots. 
 A summary of the input current total harmonic distortion for these three testing 
conditions is provided in Fig. 3.25. For all validation settings the difference between 
theory, simulation, and experiment is less than 0.5 %, which is sufficiently small to 
confirm that the theory developed can predict the simulated and experimental 
performance for a clean grid voltage. 
 During the second part of the validation procedure, the programmable AC 
supply was set to emulate a grid voltage incorporating in-phase 3
rd
, 5
th
, 7
th
 and 9
th
 
harmonics (3 % each), and testing using the filter inductance of 0.15 pu was 
performed. Simulation and experimental results of this testing scenario are shown in 
Figs. 3.27 and 3.26. Again for this condition a precise agreement between theory and 
experiment has been obtained. These results show that the theory proposed can also 
predict the practical experimental performance when the grid voltage is highly 
harmonic polluted. 
3.8. Summary 
 This chapter has explored the inherent switching constraint of a semi-bridge 
rectifier structure, and has shown how it directly defines the theoretical minimum 
input current THD. From this analysis, a direct relationship has been established 
Chapter 3. Intrinsic Operating Limits of Semi-Bridge Converters 
59 
between this THD and the resistance and inductance of the input boost filter 
impedance. The work has also shown that in-phase grid harmonics can reduce the 
minimum theoretical input current THD, while it is increased by out-of-phase grid 
harmonics and semiconductor device forward voltage-drops. 
 It has also been demonstrated how cusp effect and DCM operation affect the 
input current THD as the pu filter inductance is varied, and from this relationship an 
optimal inductance for minimal distortion has been identified. The study has also 
indicated the substantial influence that input power factor has on the input current 
THD, and has provided an explanation for the underlying mechanism of this 
dependence. 
 All theoretical work has been verified by extensive matching simulations and 
experimental investigations using a cascaded control system comprising a slow outer 
DC bus voltage loop and a fast inner AC current loop. These results have 
demonstrated that a simple PI current controller with gains tuned to their best possible 
values, with feed-forward compensation of the grid back-emf voltage, is quite 
sufficient to provide the best achievable performance predicted by theory. 
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Description Label Value 
Supply voltage Se  240 [Vrms] 
Supply frequency Of  50 [Hz] 
Input power P 1580 [W] 
pu impedance 
2 /pu SZ e P?  36.46 [?] 
pu inductance /pu pu OL Z? ?  116.04 [mH] 
Experimental inductance   
   Condition #1 (0.07 pu) #1L  8.1 [mH] 
   Condition #2 (0.11 pu) #2L  12.6 [mH] 
   Condition #3 (0.15 pu) #3L  17.4 [mH] 
Experimental resistance R ?50 [m?] 
Bus capacitance C 4290 [?F] 
Semiconductor voltage-drops   
   Stage (A) ( )D AV  5 [V] 
   Stage (C) ( )D CV  ?4 [V] 
Switching frequency Cf  10 [kHz] 
DC bus voltage DCv  380 [V] 
Input current controller gains   
   Proportional   
      Condition #1 #1PIk  0.19 [A
-1
] 
      Condition #2 #2PIk  0.31 [A
-1
] 
      Condition #3 #3PIk  0.43 [A
-1
] 
   Integral II?  1.07 [ms] 
DC bus voltage controller gains   
   Proportional PVk  0.05 [AV
-1
] 
   Integral IV?  0.5 [ms] 
Table 3.1. Experimental system parameters and operating conditions. 
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(a) iIN,exp #1 (THD = 1.53%) 
 
(b) iIN,sim #1 (THD = 1.41%) 
 
(c) iIN,the #1 (THD = 1.40%) 
Figure 3.19. Frequency response of the (a) experimental, (b) simulated, and 
(c) theoretical input current for the per-unit boost inductance #1 Lpu = 0.07. 
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(a) iIN,exp #2 (THD = 1.79%) 
 
(b) iIN,sim #2 (THD = 1.73%) 
 
(c) iIN,the #2 (THD = 1.72%) 
Figure 3.20. Frequency response of the (a) experimental, (b) simulated, and 
(c) theoretical input current for the per-unit boost inductance #2 Lpu = 0.11. 
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(a) iIN,exp #3 (THD = 2.70%) 
 
(b) iIN,sim #3 (THD = 2.63%) 
 
(c) iIN,the #3 (THD = 2.62%) 
Figure 3.21. Frequency response of the (a) experimental, (b) simulated, and 
(c) theoretical input current for the per-unit boost inductance #3 Lpu = 0.15. 
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(a) iIN for condition #1 
 
(b) iIN for condition #2 
 
(c) iIN for condition #3 
Figure 3.22. Time response of experimental, simulated, and theoretical input current 
for three different per-unit boost inductances: (a) condition #1 Lpu = 0.07, 
(b) condition #2 Lpu = 0.11, and (c) condition #3 Lpu = 0.15. 
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(a) iIN #1 @ distortion window WP 
 
(b) iIN #2 @ distortion window WP 
 
(c) iIN #3 @ distortion window WP 
Figure 3.23. Time response of experimental, simulated, and theoretical input current 
for three different per-unit boost inductances: (a) #1 Lpu = 0.07, (b)  #2 Lpu = 0.11, and 
(c) #3 Lpu = 0.15, during positive distortion window WP. 
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(a) iIN #1 @ distortion window WN 
 
(b) iIN #2 @ distortion window WN 
 
(c) iIN #3 @ distortion window WN 
Figure 3.24. Time response of experimental, simulated, and theoretical input current 
for three different per-unit boost inductances: (a) #1 Lpu = 0.07, (b) #2 Lpu = 0.11, and 
(c) #3 Lpu = 0.15, during negative distortion window WN. 
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Figure 3.25. Per-unit inductance versus input current THD%: summary of conditions 
#1 Lpu = 0.07, #2 Lpu = 0.11, and #3 Lpu = 0.15. 
 
Figure 3.26. Experimental and theoretical time response for supply voltage containing 
3
rd
, 5
th
, 7
th
 and 9
th
 in-phase harmonics (3% each) and pu inductance #3 Lpu = 0.15. 
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EQUATION CHAPTER 4 SECTION 1 
 
(a) spectrum of iIN,exp (THD = 1.98%) 
 
(b) spectrum of iIN,the (THD = 1.95%) 
 
(c) spectrum of eS (THD = 6.13%) 
Figure 3.27. Spectra of testing with supply voltage containing 3
rd
, 5
th
, 7
th
 and 9
th
 
in-phase harmonics (3% each) and pu inductance #3 Lpu = 0.15: (a) experimental 
input current, (b) theoretical input current, and (c) grid voltage. 
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 One of the main conclusions from Chapter 3 is that when single-phase 
two-level semi-bridge rectifiers operate in continuous conduction mode (CCM), the 
level of input current cusp distortion increases in proportion to the size of the input 
filter inductance. In contrast, for a given pulse ratio (i.e. the ratio between carrier and 
fundamental frequencies), the level of input ripple current is inversely proportional to 
the filter inductor value. Consequently, for these reduced converter topologies a 
trade-off between input current distortion and switching ripple current is required 
when defining the filter size for a specific application. 
 With the aim of facilitating this trade-off, the scope of this thesis includes the 
development of novel multilevel semi-bridge architectures, since they allow 
cancelling of switching harmonics and the consequential reduction of the filter 
inductance for a given switching frequency. 
 This chapter presents a single-phase five-level semi-bridge rectifier based on 
the flying-capacitor (FC) converter, developed in this research work. This new 
rectifier architecture allows an effective doubling in switching frequency because of 
the multilevel topology, and the capability to rectify higher output voltages using 
lower voltage rated, more efficient, devices. For rectifier applications, this topology 
offers a better balance between cost and performance than either a diode rectifier 
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followed by a single-phase leg three-level boost PFC, or a single-phase five-level 
full-bridge flying-capacitor rectifier. 
4.1. Single-Phase Flying-Capacitor Rectifiers 
 For higher power and higher voltage applications, it is well-recognised that 
multilevel converters can offer benefits of reduced semiconductor voltage ratings for 
a given DC bus voltage, and superior harmonic performance for a given switching 
frequency because of the harmonic cancellation that can be achieved [79][81]. These 
benefits allow a better compromise among efficiency, switching frequency, and filter 
inductance, than standard two-level architectures. Of the three major multilevel 
converter topologies that have become established over recent years, the 
flying-capacitor (FC) has the particular benefits of a modular structure and no 
requirement for individual isolated DC-sources [80]. These advantages are of primary 
interest for rectifier applications. 
 Figure 4.1(a) shows a previously reported boost PFC rectifier that uses a 
topologically reduced three-level FC phase leg to control the DC-DC voltage boost 
process [85]. The use of the reduced FC phase leg allows operation at higher DC 
output voltages compared to the standard single switch PFC structure. However the 
input rectifier diodes are still rated at the full DC output voltage, and hence their 
forward voltage-drop will be higher than for lower voltage rated devices. This limits 
the maximum rectifier efficiency. 
 Figure 4.1(b) shows a single-phase five-level full-bridge rectifier constructed 
from two individual FC phase legs. When controlled by pulse width 
modulation (PWM) with the correct phase displacement of fundamental voltage 
references and carriers [103][104][105][106], this converter offers improved 
harmonic cancellation and stronger natural balancing of the flying-capacitor voltages 
compared to the boost PFC rectifier shown in Fig. 4.1(a). However, the number of 
active switches is a significant disadvantage of this approach. 
 Figure 4.1(c) shows the reduced topology low-side semi-bridge FC rectifier 
developed in this thesis, where the two active upper switches in each phase leg have 
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been replaced by simple diodes. Note in Fig. 4.1(c) that the gate signals for the 
semi-bridge arrangement were kept as complementary to maintain consistency with 
its full-bridge counterpart. Figure 4.1(d) shows an alternative high-side semi-bridge 
arrangement, where instead of replacing the upper switches by diodes the topological 
reduction is performed in the lower part of the structure. These semi-bridge 
architectures minimise the system active switch count, allow the use of more efficient 
lower voltage rated devices, and also avoid dead-time distortion in the switching 
processes between the active switches.  
 These new semi-bridge FC converters allow to reduce the input inductor size by 
up to a factor of four for the same operating conditions because the effective input 
current switching frequency is twice the operating switching frequency. In addition, 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Figure 4.1. Single-phase flying-capacitor rectifiers: (a) three-level boost PFC, (b) 
five-level full-bridge, (c) new five-level low-side semi-bridge, and (d) alternative 
five-level high-side semi-bridge. 
 Chapter 4. Semi-Bridge FC Rectifier 
72 
since the main sources of loss for an active rectifier are the switching processes and 
device forward voltage-drops, a reduced operating switching frequency and the use of 
lower voltage rated semiconductor devices can achieve improved overall efficiency 
despite the higher number of devices in the forward conduction path [85]. 
 The reduction of filter inductance is particularly beneficial for semi-bridge 
converters, since their design requires a balance between reducing the low frequency 
cusp current distortion with a smaller size of filter inductance, at the expense of 
increased ripple current, or increasing the filter inductance size to reduce ripple 
current, at the expense of increasing the low frequency cusp current distortion. 
 This compromise when defining the filter inductance is more challenging for 
lower pulse ratio applications. For higher power applications which require lower 
switching frequencies, a larger value filter inductance may be required to achieve an 
acceptable level of switching current ripple, and this generates more input current 
cusp distortion. Conversely, for airborne applications which require higher 
fundamental frequencies [4][107], the transfer of a specific active per-unit power 
requires a larger phase displacement ?  between the input current 
INi  and the average 
switched rectifier voltage ˆ
ABv . This results in more operation in the (II) and (IV) 
quadrants, which a semi-bridge cannot achieve, and so generates more input current 
cusp distortion. 
4.2. Switching States 
 The single-phase full-bridge five-level FC converter shown in Figure 4.1(b) has 
sixteen operating states [108][109], which allow its switched voltage 
ABv  to assume 
one of five voltage levels (
DCv?  , / 2DCv?  , 0V  , / 2DCv?  , DCv? ) irrespective of the 
direction of the grid input current .INi  
 In contrast, the single-phase five-level low-side semi-bridge FC rectifier of 
Fig. 4.1(c) has only the eight possible conduction states shown in Fig. 4.2, because of 
the lack of a reverse polarity current path through the upper phase leg switches. 
 Hence for this reduced topology, when 
INi  is positive, only phase leg A can 
switch between its various voltage states, while the return current through phase leg B 
Chapter 4. Semi-Bridge FC Rectifier 
73 
must always flow through the anti-parallel diodes of switches 
7S  and 8.S  Similarly, 
when 
INi  is negative, only phase leg B can switch between its voltage states, and the 
return current through phase leg A must always flow through the anti-parallel diodes 
of switches 
3S  and 4.S  
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Figure 4.2. Switching states of a single-phase five-level low-side semi-bridge 
flying-capacitor rectifier when working in CCM at unity power factor. 
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 Consequently, this semi-bridge converter can only operate in the first and third 
quadrants, where the converter line-to-line switched voltage 
ABv  and the input current 
INi  have the same polarity. 
4.3. Optimum Flying-Capacitor Semi-Bridge Modulation 
 For the full-bridge single-phase FC converter shown in Fig. 4.1(b), optimum 
harmonic cancellation is achieved when two 180
o
 displaced fundamental reference 
signals 
Am  and Bm  are used for each of the phase legs, with the four complementary 
sets of switches modulated by carriers that are phase shifted by 90
o
 as shown in 
Fig. 4.3, for a modulation depth M = 0.9 and pulse ratio /C Of f  = 5 [109]. 
 This modulation approach generates a five-level line-to-line switched output 
voltage pattern, as illustrated in Fig. 4.3(b). In this strategy the first carrier group 
harmonics cancels within each switched phase leg output voltage 
Av  and ,Bv  and the 
second carrier group harmonics cancels across the line-to-line switched output 
voltage ,ABv  as shown in Fig. 4.4 for a carrier frequency Cf  = 2.5 kHz. 
 With this approach the complimentary switch pairs in each phase leg receive a 
modulation command with approximately equal duty cycles at a phase-shift of 180
o
, 
and this provides a strong natural balancing force to maintain the intermediate 
capacitor voltages 
CAv  and CBv  at exactly / 2.DCv  
 For the single-phase five-level low-side semi-bridge FC rectifier shown in 
Fig. 4.1(c), the absence of the upper controlled switches inherently means that only 
one phase leg can be switched at any one time. This occurs because in this reduced 
topology, while one phase leg is effectively switching, the grid returning current 
always flows through the lower active switches of the other phase leg, and this 
clamps that phase leg voltage to zero. 
 This topology should then be controlled using pulse width 180
o
 discontinuous 
modulation [33]. Consequently there is no benefit in phase shifting carriers between 
the two phase legs. Optimum harmonic cancellation is therefore achieved with the 
simpler carrier phase-shift of only 180
o
 for each phase leg, as shown in Fig. 4.5. 
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 This strategy cancels the first carrier group harmonics within each switched 
phase leg output voltage 
Av  and ,Bv  and then cancels the basebands and some of the 
second carrier group sidebands harmonics across the line-to-line switched output 
voltage ,ABv  as shown in Fig. 4.6 for a carrier frequency Cf  = 5 kHz. 
 Since for a semi-bridge there is always only one phase leg switching, the pulse 
ratio can be increased to /C Of f  = 10, twice as for the full-bridge, while still 
maintaining the same overall number of switching transitions. This doubling of 
switching frequency has been used only to facilitate the comparison. 
 In contrast to the full-bridge scenario, here only the first carrier group 
harmonics is cancelled in the line-to-line output voltage 
ABv  as an unavoidable 
(a)
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sB1
sB2
sB2
270?
Phase-Leg B
90?mB
 
(b)
    
Figure 4.3. Naturally sampled modulation of a single-phase five-level full-bridge FC 
converter: (a) structure and (b) waveforms (open-loop, M = 0.9, /C Of f  = 5). 
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consequence of semi-bridge operating limitations. Nevertheless, with the doubling in 
switching frequency, the semi-bridge line-to-line switched voltage time response and 
spectrum are the same as for the full-bridge. Hence the natural balancing force acting 
on the capacitor voltages 
CAv  and CBv  remains as strong as for the full-bridge case. 
4.4. Flying-Capacitor Voltage Balance 
 One of the benefits of phase-shifted carrier PWM (PSC-PWM) strategy is the 
relatively strong natural voltage balancing forces created by this modulation scheme. 
However, since previous work has shown that this balancing force is proportional to 
the level of current ripple [104], the benefit of the semi-bridge FC converter in 
reducing the current ripple directly works against the natural balancing force. 
 Two solutions are possible to resolve this conflict – either use active 
closed-loop control to measure the capacitor voltage unbalance and adjust each phase 
leg modulation accordingly [85], or include a passive series 
BB BB BBR L C  balance-boost 
(a)
    
(b)
    
Figure 4.4. Illustration of the harmonic cancellation on a single-phase five-level 
full-bridge flying-capacitor converter (carrier frequency 
Cf  = 2.5 kHz): (a) phase and 
(b) line spectra. 
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notch filter between the phase legs [110][111][112] and tune this filter to the first 
carrier group harmonics as shown in Fig. 4.7. This simpler second strategy was used 
for the work described in this chapter. 
 The balance booster mechanism is readily understood using a frequency domain 
perspective, as follows. Any unbalance in the flying-capacitor voltages 
CAv  and CBv  
produces first carrier group voltage harmonics in the phase leg switched voltages 
Av  
and ,Bv  as identified in [113][114]. The balance booster path in Fig. 4.7(b) has low 
impedance at this carrier frequency, providing a path for the flow of current 
(a)
   
m
-1
1
1
2
2m
sA1
sA1
sA2
sA2
Phase-Leg A
-1
1fC
180?
mA
sB1
sB1
sB2
sB2
180?
Phase-Leg B
0?mB
 
(b)
    
Figure 4.5. Naturally sampled modulation of a single-phase five-level low-side 
semi-bridge FC converter: (a) structure and (b) waveforms (open-loop, M = 0.9, 
/C Of f  = 10). 
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harmonics from this carrier group. The current flow continues until no first carrier 
group voltage harmonics remain in the phase leg switched voltages 
Av  and Bv  (this 
situation is the signature of a balanced voltage condition for a FC converter). 
 In principle the balance booster action is voltage driven and does not directly 
depend on load current. However, the damping resistor 
BBR  incurs losses because 
second carrier group current harmonics continue to flow through the balance booster, 
even when the FC cell voltage is balanced. References [113][114] present an analysis 
strategy to balance the cell voltage settling time constant against resistive losses. 
4.5. Cascaded Control System 
 The rectification process in this multilevel converter is managed using a 
cascaded control scheme similar to the one used for the control of the two-level 
common-emitter semi-bridge rectifier discussed in Chapter 3. The main difference 
between them is that the approach presented here does not use absolute values, since 
(a)
    
(b) 
   
Figure 4.6. Illustration of the harmonic cancellation on a single-phase five-level 
semi-bridge flying-capacitor converter (carrier frequency 
Cf  = 5 kHz): (a) phase and 
(b) line spectra. 
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the PWM strategy shown in Fig. 4.5 operates with carriers varying from 1?  to 1?  
and generates individual gate commands to the active switches of each phase leg. 
 As shown in Fig. 4.8, the controller comprises an outer DC bus voltage 
proportional-integral (PI) control loop, which generates a commanded current 
reference that feeds into an inner loop PI current regulator (once again, chosen 
because of its simplicity and convenience). From this figure, ? ?*DCV s  is the 
commanded DC bus voltage, ? ?*INI s  is the required input current, which is calculated 
by multiplying the current magnitude commanded by the DC voltage loop with a 
sinusoid that is synchronised to the grid, ? ?V s  is the average commanded voltage fed 
to the PWM modulator from the current regulator, and ? ?SE s  represents the grid 
back-emf voltage. The voltage difference ? ? ? ?SE s V s?  feeds through the plant 
representation ? ?PG s  to produce the actual grid current ? ?.INI s  Again, feed-forward 
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(b)
    
Figure 4.7. Balance booster: a) circuit arrangement, and b) magnitude of the balance 
booster impedance 
BBZ  as a function of frequency for the experimental system 
parameters. 
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compensation of the grid back-emf voltage ? ?SE s  has been added to the controller to 
reduce the steady state AC current error.
 Although being two different converter topologies, the average mode 
representation of this multilevel semi-bridge rectifier is the same as for the two-level 
semi-bridge presented in Chapter 3. Hence both systems have the same plant transfer 
function, namely 
 
1 1
( )
1
P
P
G s
R sT
? ?? ? ??? ?   (4.1) 
where 
PT L R? , and R represents the line resistance and L the filter inductance. 
 The current regulation process uses a simple proportional-integral (PI) 
controller given by 
 
1
( ) 1 ,C PI DC
II
G s k V
s
? ?? ?? ??? ?   (4.2) 
where 
PIk  and II?  are the proportional and integrator gains, respectively. The DCV  
gain provided by the PWM modulator is integrated into the controller block function 
( )CG s  for convenience. A strategy that freezes the integral action of the PI controller 
when the modulation command reaches saturation was used to manage integrator 
wind-up. 
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Figure 4.8. Cascaded outer DC bus voltage inner input current control system. 
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 Figure 4.9 shows that the pulse width modulation scheme and synchronous 
sampling strategy adopted for this multilevel semi-bridge are slightly different than 
those used for the two-level semi-bridge, since the PSC-PWM uses two 180
o
 
phase-shifted carriers and the input current is sampled only at the falling slopes. 
Nevertheless, the modulation and control processes for this multilevel semi-bridge 
converter have the same quarter-carrier-period PWM transport and half-carrier 
computation delays as for the two-level semi-bridge architecture. 
 More specifically, Fig. 4.9 illustrates that for this semi-bridge multilevel 
arrangement the modulation command 
Am  for phase leg A is frozen at the start of 
each half-carrier period 2CT  and compared against the triangular carriers 1c  and 2c  
 
Figure 4.9. Computation and transport delays caused by the PWM process and digital 
controller sampling/computation. 
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to create the switch operating states as the carriers crosses this sampled command 
signal. This process introduces the same 1 4 CT  transport delay into the control loop 
as for the two-level case. Furthermore, the grid current 
INi  is acquired at every 
half-carrier period and for this multilevel semi-bridge topology this means that only 
values during the falling slopes are acquired to form the synchronously sampled input 
current 
INssi . Again as for the two-level system, a new value for the modulation 
command 
Am  is only available after a 1 2 CT  delay, because the A/D conversion and 
calculation require a finite amount of time and this makes the immediate generation 
of a new modulation command impossible. 
 Using the design principles described in Chapter 3 for the calculation of the best 
achievable PI controller gains, and adopting for a phase margin of 50
o
, the optimal 
values for 
PIk  and II?  were found to be 0.23 A-1 and 2.15 ms, respectively, for the 
system parameters defined in Table 4.1. 
 The DC bus voltage regulator also uses a PI controller, given by 
 
1
( ) 1V PV
IV
G s k
s
? ?? ?? ??? ?   (4.3) 
where 
PVk  is the proportional gain and IV?  is the reciprocal of the integrator gain. As 
before these two gains were adjusted empirically to achieve an acceptable 
performance, resulting in values of 0.05 AV
-1
 and 0.2 s, respectively as listed in Table 
4.1. 
4.6. Simulation and Experimental Validation 
 The PWM and closed-loop control of this new semi-bridge multilevel topology 
has been extensively investigated using time-based switched simulations and 
matching experimental investigations, for an experimental flying-capacitor system 
with the parameters described in Table 4.1. 
 The structure used in the validation process as well as the simulated and 
experimental results obtained using this validation structure are discussed as follows. 
Chapter 4. Semi-Bridge FC Rectifier 
83 
4.6.1. Validation System 
 A complete description of the simulation and experimental systems is provided 
in Chapters 8 and 9. The aspects related to this specific validation are presented in 
Sections 8.2.2 and 9.3.2, respectively. 
 An overview of the setup for this experimental validation is shown in Fig. 4.10. 
The system is formed by a single-phase variac connected to the grid through an 
1.2 kVA isolation transformer, a single filter inductor ,BL  a single-phase FC 
converter unit, a configurable resistor bank, and a HMI laptop. 
 The converter unit contains a control board responsible for reading the analog 
signals (namely the AC voltage ,ACv  the input current ,INi  and the DC-link output 
voltage )DCv , calculating the control action, and commanding the active lower 
switches using the logic signals 
3 ,As  4 ,As  3 ,Bs  and 4.Bs  The upper switch gate signals 
1,As  2 ,As  1,Bs  and 2Bs  are always kept at logic level zero to maintain the upper active 
switches off. For simplicity, only the elements of the converter unit used for this 
specific experimental setup are presented in Fig. 4.10. 
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Figure 4.10. Overview of the experimental system: single-phase five-level 
flying-capacitor semi-bridge rectifier. 
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 The HMI laptop communicates with the converter unit through an isolated 
RS-232 serial link, and runs a terminal program that allows the user to directly 
interact with the experimental converter. 
4.6.2. Simulation and Experimental Results 
 The simulation and experimental waveforms for the input current 
INi  are 
presented in Figs. 4.11(a) and 4.11(b), respectively. As can be seen a very small 
current ripple and cusp distortion have been achieved despite the relatively low 
switching frequency of 5 kHz. 
 The rectifier switched voltage 
ABv  is shown in Figs. 4.12(c) and 4.12(d) for 
simulation and experiment, respectively. These results show the distinct and 
uniformly spaced five-level switching that is expected to be produced by the 
semi-bridge FC converter. These results also show in particular the switching null 
period directly after the zero-crossings, which is caused by the converter’s topological 
inability to synthesize a reverse polarity voltage 
ABv  in relation to the input 
current 
INi . 
 Figures 4.13(a) and 4.13(b) show simulation and experimental waveforms for 
the DC bus voltage 
DCv  and flying-capacitor voltages CAv  and CBv . From these 
figures, the effectiveness of the balance booster in maintaining the flying-capacitor 
voltages almost exactly at / 2DCv  can be appreciated. The current BBi  flowing 
through the balance booster for simulation and experiment is shown in Figs. 4.14(a) 
and 4.14(b), respectively. 
 Figures 4.15(a) and 4.15(b) show the simulation and experimental spectra for 
the input current ,INi  respectively. From these figures, despite the relatively large 
per-unit (10%) filter inductance that was used, the low-order input current harmonics 
(up to the 20
th
 harmonic) are quite small. Figures 4.16(a) and 4.16(b) show the 
simulation and experimental spectra respectively, for the rectifier switching 
voltage ,ABv  where the cancellation of the first carrier group harmonics around 5 kHz 
can be clearly seen as predicted by theory. 
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4.7. Summary 
 This chapter has presented a single-phase low-side semi-bridge five-level 
rectifier structure based on the flying-capacitor topology. Compared to two-level 
converters, this new multilevel architecture substantially assists the trade-off between 
current distortion and switching ripple by cancelling the first carrier group harmonics. 
The FC topology also allows lower voltage rating devices to be used, with a 
consequential improvement in converter efficiency. 
 The converter has been modulated using 180
o
 discontinuous phase-shifted 
carrier PWM, with a balance booster circuit included to assist the natural balancing of 
the flying-capacitor voltages. A cascaded control system formed by a slow outer DC 
bus voltage and fast inner input current control loops has been used to manage the 
rectification process in this multilevel semi-bridge converter. 
 The precise agreement that has been achieved between simulation and 
experiment for all time and frequency domain measurements fully validates the 
theoretical and practical functionality of this new semi-bridge multilevel topology. 
EQUATION CHAPTER 5 SECTION 1 
 
 
 Chapter 4. Semi-Bridge FC Rectifier 
86 
 
 
  
Description Label Value 
Supply voltage Se  240 [Vrms] 
Supply frequency Of  50 [Hz] 
Switching frequency Cf  5 [kHz] 
Input power P 950 [W] 
Filter + grid inductances (Lpu = 0.097) 2L 18.8 [mH] 
Bus capacitance BUSC  4290 [?F] 
Flying-caps capacitance AC , BC  110 [?F] 
Load resistance DCR  170 [?] 
 BBR  100 [?] 
Balance booster BBL  1.5 [mH] 
 BBC  690 [nF] 
Target DC bus voltage 
*
DCV  380 [V] 
Input current controller gains   
   Proportional PIk  0.23 [A
-1
] 
   Integral II?  2.15 [ms] 
DC bus voltage controller gains   
   Proportional PVk  0.05 [AV
-1
] 
   Integral IV?  0.2 [s] 
Table 4.1. Experimental system parameters and operating conditions. 
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(a) 
 
(b) 
Figure 4.11. Input current 
INi  for (a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 4.12. Rectifier switched voltage 
ABv  for (a) simulation and (b) experiment.
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(a) 
 
(b) 
Figure 4.13. DC bus voltage 
DCv  and flying-capacitor voltages CAv  and CBv  for (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 4.14. Balance booster current 
BBi  for (a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 4.15. Input current spectra for (a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 4.16. Rectifier switched output voltage spectra for (a) simulation and (b) 
experiment. 
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Chapter 5  
Semi-Bridge CHB Rectifier
1
 
 This chapter introduces a new approach to generate the DC-link voltages for a 
cascaded H-bridge inverter using interleaved single-phase multicell common-emitter 
semi-bridge rectifiers. Compared to previous approaches, the presented solution 
achieves a higher overall efficiency with reduced low-order input current harmonic 
distortion because of the reduced number of device voltage-drops associated with the 
semi-bridge topology. The primary-side current switching harmonics are also further 
reduced by using multilevel converter interleaving modulation concepts to achieve 
optimum harmonic cancellation between the secondary-side currents. This allows the 
use of lower switching frequencies, further improving the converter efficiency, 
particularly for higher power systems. 
 A simplified rectifier control approach for use when the CHB inverters are 
switched by phase-shifted carrier pulse width modulation is also proposed. Under 
these conditions, the CHB cells in each phase leg see the same load. Hence, since all 
cell rectifiers are magnetically coupled by the phase-shifting transformer windings 
typically adopted to provide galvanic isolation, only one rectifier for each phase leg 
needs to be controlled to dictate the behaviour of all rectifiers on that phase leg. 
Consequently, the number of sensors required and the system control strategy 
complexity are substantially reduced. 
                                                 
The material in this chapter was first published in part as: 
C. A. Teixeira, B. P. McGrath, and D. G. Holmes, “Interleaved Multicell Semi-Bridge Rectifiers for 
Cascaded H-Bridge Multilevel Converters,” in 7th International Power Electronics and Motion Control 
Conference (IPEMC2012), 2012, pp. 801-806. 
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5.1. Front-End Rectifiers for Cascaded H-Bridge Inverters 
 Of the various multilevel topologies, the cascaded H-bridge (CHB) is of 
particular interest since it can be constructed from modular lower power converter 
cells. However, for non-regenerative applications, the CHB multilevel inverter 
requires isolated DC-sources for each module. In recent years, several rectifier 
structures have been proposed [77][115][116][117][118][119][120] to accomplish 
this task with the least possible harmonic impact on the AC network and good 
immunity to grid voltage disturbances. 
 The conventional CHB cell rectifier structure is a three-phase diode-bridge 
rectifier connected to the grid through a phase-shifting transformer with multiple 
secondary windings [77]. This arrangement provides galvanic isolation and cancels 
many of the low-order input current harmonics that are inherently produced by 
six-pulse rectifiers [121]. However, the topology has a number of drawbacks, 
including a need for a complicated transformer design, fluctuations in DC-link 
voltages as the incoming AC supply peak voltages vary, and even-harmonics in the 
DC-link voltages and odd-harmonics in the input line currents for unbalanced grid 
input voltages. 
 These limitations can be substantially overcome using active front-end 
rectifiers, which can simultaneously control the DC-link voltages, reduce the input 
current harmonics and achieve near-unity input power factor [115]. These rectifiers 
can use either three-phase or single-phase topologies [116], based on either full active 
converter bridges or active PFC boost structures [117]. Single phase rectifiers have 
the particular advantages of requiring less secondary transformer windings and a 
reduced number of semiconductor devices. However, their interconnection, 
modulation and control needs to be carefully designed to achieve the best possible 
input harmonic performance, particularly when operating under unbalanced output 
load or input grid voltage conditions. 
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5.2. Multicell Semi-Bridge CHB Rectifier Structure 
 Figure 5.1 shows the structure of the new interleaved multicell semi-bridge 
rectifier for a five-level CHB inverter. The DC-link voltages for the two modules of 
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Figure 5.1. Two-cell interleaved semi-bridge rectifier phase legs feeding a 
three-phase five-level cascaded H-bridge inverter. 
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each CHB phase leg are supplied by single-phase common-emitter semi-bridge 
rectifiers, to minimize the active device count and the number of series devices in the 
rectifier circuit. This topology has been identified in Chapter 3 as achieving excellent 
active rectifier performance in terms of efficiency and minimum cusp distortion at the 
zero crossing of the incoming AC supply. However it does not offer regenerative 
capability, because of its intrinsic topological limitation as previously discussed. 
 The semi-bridge rectifiers are supplied from individual phase secondary 
windings of an isolating transformer that connects to the incoming AC grid supply.
 These windings not only provide galvanic isolation, but closely couple the 
rectifier cells for each phase leg. This both improves the switching harmonic 
cancellation that can be achieved between the coupled cells, and allows all rectifiers 
for each phase leg to be switched with a common modulation and control strategy that 
requires a reduced number of sensors and control hardware. 
 Unbalanced grid input voltages are readily accommodated on a per phase basis 
with this winding arrangement, and the delta winding arrangement on the primary 
side of the transformer provides effective management of any unbalanced loading 
between the phases of the CHB output inverter. 
5.3. Modulation of Semi-Bridge Rectifier Cells 
 As developed in detail in Chapter 3, the fundamental limitation of a 
single-phase semi-bridge rectifier is that it can only operate in quadrants I and III 
where the converter switched AC voltage and the input current have the same 
polarity. 
 Hence the phase legs of each multicell semi-bridge rectifier should be 
controlled using 180
o
 discontinuous pulse width modulation (180
o
DPWM) [33], 
where each phase leg alternates between switching for one half fundamental cycle, or 
being turned off for the other half fundamental cycle. When a phase leg is not 
switching, the current into the rectifier flows through the anti-parallel diode that is 
associated with the non-switching device. 
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 For a series cascaded multilevel converter, it is well-known that optimum 
cancellation of the switched output voltage harmonics is achieved when the PWM 
carrier of the 
thi  module is phase displaced by 2.( 1).180 /
oi C? , where C is the 
number of cascaded modules [33]. Thus, since the interleaved semi-bridge rectifiers 
in Fig. 5.1 are the parallel topological dual of a series cascaded converter, an identical 
level of switching harmonic cancellation should be achievable in the AC input current 
for this structure. 
 For a two switch cell structure, optimum harmonic cancellation is achieved 
when the cell PWM carriers are displaced by 180
o
, as shown in Fig. 5.2. Under these 
conditions, the lowest remaining carrier group harmonics in the secondary-side 
currents 
1i  and 2i  are 180
o
 opposed, and so will cancel in the primary-side 
current .INi  
 Figures 5.2 and 5.3 show the PSC-180
o
DPWM scheme that achieves this result, 
where the cell voltage reference signals 
1m  and 2m  are firstly level-shifted to create 
the discontinuous phase leg modulation commands 
1Am , 1Bm , 2Am , 2.Bm  These 
commands are then compared against 180
o
 displaced PWM carriers to create the cell 
phase leg switching commands 
1As , 1Bs , 2As , and 2.Bs  
 Figure 5.5 shows the resulting PWM gate signals that control the active 
switches of each rectifier cell. These signals have a logical inversion after the PWM 
comparison, since they control the lower (complementary) device in each 
common-emitter semi-bridge phase leg. 
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Figure 5.2. PSC-180
o
DPWM scheme for a two-cell common-emitter semi-bridge 
rectifier phase leg. 
 Chapter 5. Semi-Bridge CHB Rectifier 
98 
5.4. Cascaded Control System 
 The cell voltage reference commands are generated by a closed-loop cascaded 
voltage regulator system, as shown on the left-hand side in Fig. 5.4. This regulator 
has a slow outer proportional-integral (PI) loop to control the DC-link voltage, which 
generates a current reference for the fast inner current regulation loop. The current 
regulator uses a simple PI strategy incorporating feed-forward compensation for the 
grid voltage ,Se  with the PI gains set to their maximum possible values. The output 
of the current regulator is the cell voltage PWM reference command. This cascaded 
control structure is identical as the adopted for the semi-bridge FC rectifier presented 
in Chapter 4, and its design follows the same principles. The only difference is that 
here the transformer turns ratio a must be allowed for in the feed-forward injection. 
 Further simplification can be achieved when the load CHB inverter cells are 
switched using PSC-PWM. Under this condition all rectifier cells in a phase leg see 
the same load. Since these cells are magnetically coupled through the isolation 
transformer secondary windings, controlling one rectifier cell defines the behaviour 
of all phase leg cells. Consequently, the interleaved semi-bridge rectifiers for each 
 
Figure 5.3. PSC-180
o
DPWM open-loop modulation of a two-cell common-emitter 
semi-bridge rectifier phase leg (M = 0.9 and /C Of f  = 10). 
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phase leg can be controlled using only one closed-loop regulator applied to one cell 
only. 
 This simplified arrangement still uses the same cascaded control system to 
generate the discontinuous modulation commands, but these commands are then used 
to generate switching commands for all interleaved rectifier cells, by comparison with 
appropriately phase displaced PWM carriers. This arrangement is shown on the right 
hand side of Fig. 5.4 with 180
o
 displaced PWM carriers, for the two-cell interleaved 
rectifiers explored experimentally in this thesis. 
5.5. Simulation and Experimental Validation 
 The operation of a two-cell common-emitter semi-bridge rectifier phase leg 
feeding resistive loads has been investigated by extensive simulations and 
experiments, for a system with the parameters described in Table 5.1. 
 The structure developed to validate the PWM and closed-loop control of this 
multilevel semi-bridge arrangement as well as the simulated and experimental results 
obtained using this validation structure are discussed as follows. 
5.5.1. Validation System 
 A complete description of the simulation and experimental systems is provided 
in Chapters 8 and 9. The aspects related to this specific validation are presented in 
Sections 8.2.3 and 9.3.3, respectively. 
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Figure 5.4. Simplified control approach of a front-end multicell common-emitter 
semi-bridge rectifier phase leg for CHB inverters modulated using PSC-PWM. 
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 An overview of the setup for this experimental validation is shown in Fig. 5.6. 
In this structure a single-phase variac is directly connected to the grid to feed one of 
the phases of a 15 kVA three-phase isolation transformer. The transformer 
secondaries are each connected to a filter inductor to supply two individual H-bridge 
architectures of an integrated converter unit. The DC-link of each H-bridge feeds an 
individual configurable resistor bank. 
 The converter unit uses a control board which reads a series of analog signals 
(i.e. the AC voltage ,ACv  the secondary-side current 1,Ai  and the DC-link output 
voltage 
1)DCv , calculates the control action, and commands the active lower switches 
via the logic gate signals 
2 ,As  2 ,Bs  2 ,Cs  and 2.Ds  The upper switch gate signals 1,As  
1,Bs  1,Cs  and 1Ds  are maintained at logic level zero to keep the upper active switches 
always off. For convenience, only the elements of the converter unit used for this 
specific experimental setup are shown in Fig. 5.6. 
 The setup uses an HMI laptop that communicates with the converter unit 
through an isolated RS-232 serial link. This laptop runs a terminal program which 
allows the user to directly interact with the experimental converter. 
  
  
Figure 5.5. Binary gate signals applied to the controlled switches. 
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5.5.2. Simulation and Experimental Results 
 Figures 5.7 and 5.8 show matching simulation and experimental waveforms for 
the secondary currents 
1i  and 2i  over two fundamental cycles. From these figures, 
both secondary currents contain a substantial level of ripple current as a direct 
consequence of relatively small filter inductances (Lpu = 0.09) and carrier frequency 
(fC = 5 kHz) used in this system. Despite their small size, these filter inductances still 
cause a noticeable low-frequency cusp distortion when the currents transit through 
zero, as shown in detail in Figs. 5.7(c) and 5.8(c) for the rising-edge zero-crossing 
region. As extensively discussed in Chapter 3, this distortion is characteristic of a 
semi-bridge rectifier and results from the limited unidirectional capability of this 
reduced topological arrangement. 
 Figure 5.9 presents simulation and experimental waveforms for the 
primary-side input current ,INi  and shows that the primary-side contains a substantial 
reduction in ripple current compared to the secondary currents 
1i  and 2.i  This is the 
direct benefit of the switching harmonic cancellation that has been achieved by 
interleaved modulation. Further confirmation can be found by close inspection of 
Figs. 5.9(a) and 5.9(b), which show distinct lower and upper regions of current 
harmonics over each fundamental half cycle. This is a clear signature of multilevel 
harmonic cancellation, essentially identical to that achieved by a five-level multilevel 
voltage-source inverter. 
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Figure 5.6. Overview of the experimental system: two-cell common-emitter 
semi-bridge rectifier phase leg feeding two resistive loads. 
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 Comparing Figs. 5.7, 5.8, and 5.9, or more precisely, inspecting Figs. 5.7(c), 
5.8(c), and 5.9(c), it can be seen that the primary-side current 
INi  contains a more 
noticeable zero-crossing cusp pattern when compared to the secondary currents 
1i  
and 
2.i  This different cusp pattern is a consequence of the isolation transformer 
magnetising current ,MAGi  which is inherently added to the input current ,INi  but is not 
present in the secondary currents 
1i  and 2.i  Since this isolation transformer has a 
relatively large nominal power (PN = 5 kW/phase) for the experimental validation 
condition (P = 500 W), the magnitude of magnetising current 
MAGi  represents nearly 
15 % the magnitude of input current ,INi  as shown in Fig. 5.10(a). Figure 5.10(b) 
shows the sum of secondary currents 
1i  and 2i  reflected to the primary-side (i.e. 
divided by the turns ratio a), and illustrates that when the contribution of magnetising 
current 
MAGi  is removed from the input current ,INi  the primary-side zero-crossing 
cusp current distortion follows the same pattern as for the secondary-side currents. 
 Figures 5.11 and 5.12 show simulated and experimental switched rectifier 
voltages 
ABiv  for the interleaved cells, while Figs. 5.11(c) and 5.12(c) show the 
switching transition between the cell phase legs during the current zero-crossing in 
detail. The clear switching null after the zero-crossing is again caused by the 
unidirectional conduction limitation of the semi-bridge rectifier topology. 
 Figure 5.13 presents matching simulation and experimental waveforms for the 
sum of the two cell switched voltages 
1 2 ,AB ABv v?  which shows the effective 
five-level switching performance that has been achieved by the interleaved rectifier 
structure. This figure provides direct confirmation that the parallel interleaving of the 
semi-bridge rectifier cells is the topological dual of a series connected multilevel 
converter, and hence an identical switching harmonic cancellation can be achieved 
with the correct PWM carrier phase displacement. 
 Figure 5.14 confirms the ability of the interleaved rectifier to maintain constant 
DC-link voltages across all cells with only one closed-loop regulator. This figure 
shows the simulated and experimental rectifier DC-link voltages for both cells 1 
and 2, both maintained almost exactly at the commanded value of 250 V and closely 
tracking each other without deviation. The slight 100 Hz ripple in these DC-link 
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voltages is caused by fundamental power flow ripple in the load CHB phase leg, 
which leads to a slight voltage tracking error because of the bandwidth limitations of 
the outer loop PI voltage regulator. Note the presence of a high-frequency 
measurement noise for the experimental waveform. 
 Figure 5.15 shows the experimental frequency spectrum for the secondary 
currents 
1i  and 2i  and for the primary current .INi  Each of the secondary currents has 
clear characteristic sinusoidal PWM sidebands at the cell switching frequency of 
5 kHz, which have been completely cancelled in the input current spectra shown in 
Fig. 5.15(c). This further confirms the ability of the interleaved multicell rectifiers to 
achieve the same level of switching harmonic cancellation as a conventional series 
cascaded multilevel converter. 
 The experimental grid voltage time and frequency responses are shown in 
Fig. 5.16. The experimental time data values for this voltage have been incorporated 
into the switched-time simulation environment. 
5.6. Summary 
 This chapter has presented a new approach to generate the DC-link voltages of 
a CHB inverter using interleaved single-phase multicell common-emitter semi-bridge 
rectifier phase legs. The results show the ability of this structure to substantially 
reduce the primary-side input current switching ripple, by cancelling secondary-side 
current switching harmonics using optimally phase-shifted PWM carriers. 
 The work has also shown how a simplified rectifier control strategy can be used 
that regulates only one semi-bridge DC-link voltage, when the rectifier load is a CHB 
inverter switched with PSC-PWM. 
 All theoretical concepts have been extensively verified by matching simulation 
and experimental results. 
EQUATION CHAPTER 6 SECTION 1 
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Description Label Value 
Supply voltage Se  240 [Vrms] 
Supply frequency Of  50 [Hz] 
Switching frequency Cf  5 [kHz] 
Input power P 500 [W] 
Filter inductance per cell (Lpu = 0.09) 2 BL  18 [mH] 
Bus capacitances 1C , 2C  1320 [?F] 
Load resistance per cell  290 [?] 
Semiconductor voltage-drops   
   Forward FV  3 [V] 
   Reverse RV  2 [V] 
Target DC bus voltage DCREFv  250 [V] 
Input current controller gains   
   Proportional PIk  0.23 [A
-1
] 
   Integral II?  2.15 [ms] 
DC bus voltage controller gains   
   Proportional PVk  0.05 [AV
-1
] 
   Integral IV?  0.2 [s] 
Three-phase isolation transformer   
   Nominal power NP  15 [kW] 
   Primary leakage inductance PL  2 [mH] 
   Secondary leakage inductance 
1
SL  0.5 [mH] 
   Magnetising inductance 
1
ML  1.5 [H] 
   Turns ratio a  2 
Table 5.1. Experimental system parameters and operating conditions. 
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(a) 
 
(b) 
 
(c) 
Figure 5.7. Secondary current 
1i  for (a) simulation, (b) experiment, and (c) zoom of 
rising-edge zero-crossing region. 
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(a) 
 
(b) 
 
(c) 
Figure 5.8. Secondary current 
2i  for (a) simulation, (b) experiment, and (c) zoom of 
rising-edge zero-crossing region. 
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(a) 
 
(b) 
 
(c) 
Figure 5.9. Primary current 
INi  for (a) simulation, (b) experiment, and (c) zoom of 
rising-edge zero-crossing region. 
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(a) 
 
(b) 
Figure 5.10. Effect of isolation transformer magnetising current on the shape of the 
primary-side input current: (a) magnetising current and (b) sum of secondary currents 
reflected to the primary-side. 
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(a) 
 
(b) 
 
(c) 
Figure 5.11. Switched voltage of cell 1 (
1ABv ) for (a) simulation, (b) experiment, and 
(c) zoom of rising-edge zero-crossing region. 
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(a) 
 
(b) 
 
(c) 
Figure 5.12. Switched voltage of cell 2 (
2ABv ) for (a) simulation, (b) experiment, and 
(c) zoom of rising-edge zero-crossing region. 
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(a) 
 
(b) 
 
(c) 
Figure 5.13. Switched voltages of cells 1 and 2 (
1ABv  + 2ABv ) for (a) simulation, (b) 
experiment, and (c) zoom of rising-edge zero-crossing region. 
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(a) 
 
(b) 
Figure 5.14. DC-link voltages of cells 1 and 2: (a) simulation, and (b) experiment. 
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(a) 
 
(b) 
 
(c) 
Figure 5.15. Experimental spectrums: (a) secondary current 
1i , (b) secondary current 
2i , and (c) primary current INi . 
 Chapter 5. Semi-Bridge CHB Rectifier 
114 
 
 
 
 
 
 
  
 
(a) 
 
(b) 
Figure 5.16. Experimental grid voltage: (a) time and (b) frequency response. 
 115 
Chapter 6  
Magnetically-Coupled 
Semi-Bridge Converters
1
 
 This chapter presents a family of multilevel converters based on topological 
reductions of the three most well-established multilevel converter structures, i.e. the 
cascaded H-bridge (CHB), neutral-point clamped (NPC), and flying-capacitor (FC) 
inverters. The topologically reduced arrangements are created by parallel-connections 
of pairs of complementary unidirectional phase legs linked by a coupled-inductor. 
Depending on the choice of power semiconductor devices, these converters use the 
same amount of silicon as traditional converter structures, while also achieving a 
substantially improved output voltage harmonic performance. 
 In addition, the development of a simplified common- and differential-mode 
converter model for these reduced architectures is presented. From this decoupled 
model, the pulse width modulation requirements of these unidirectional topologies are 
then defined. Finally, the concepts and principles are illustrated by a set of simulation 
comparisons between complete and topologically reduced converter architectures. 
6.1. Topologically Reduced CHB and NPC Inverters 
 Figure 6.1(a) shows the fundamental two-switch phase leg building block of a 
two-level voltage-source inverter system, where each switch is a 
                                                 
The material in this chapter was first published in part as: 
C. A. Teixeira, B. P. McGrath, and D. G. Holmes, “Topologically Reduced Multilevel Converters 
using Complementary Unidirectional Phase-Legs,” in 21st IEEE International Symposium on Industrial 
Electronics (ISIE2012), 2012, pp. 2007-2012. 
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bidirectional-conducting forward-blocking controlled power device. Figure 6.1(b) 
shows how two of these phase legs combine to create a standard single-phase 
H-Bridge, capable of producing a three-level ( 3L ? ) switched output voltage .Ov  
 The topologically reduced coupled-inductor phase leg is now created by 
reducing the two H-bridge phase legs to a pair of complementary unidirectional phase 
legs linked through a coupled-inductor as shown in Fig. 6.1(c). Each phase leg only 
requires one active switching device and one freewheeling diode – the anti-parallel 
diodes across the active switching devices are no longer required because the current 
flow through each phase leg is always unidirectional. 
 Similar to the H-bridge, this phase leg is also capable of producing a three-level 
switched output voltage, but only requires the same number of silicon devices as a 
conventional two-level bidirectional phase leg (for the IGBT implementation). Note 
that this concept of a magnetically coupled topologically reduced H-bridge has been 
previously introduced in [86][87][88][89][90][91][92]. However, the topological 
reduction process was not clearly evident in those works, and the benefit of the 
removal of the active switch anti-parallel diodes for IGBTs was also not identified. 
 Each phase leg of a conventional CHB multilevel converter is constructed by 
connecting C  single-phase H-bridge cells (a pair of two-switch phase legs) in series, 
to be able to generate output voltages with 2 1L C? ?  voltage levels. This requires 
4C  active semiconductor devices for each complete phase leg of the CHB. Each 
phase leg of a topologically reduced cascaded H-bridge multilevel inverter (RCHB) is 
created by connecting 'C  pairs of reduced coupled-inductor phase legs in series. The 
resultant converter can generate output voltages with ' 4 ' 1L C? ?  voltage levels, still 
using the same number of silicon devices as a conventional CHB. Hence the RCHB 
phase leg can achieve twice the number of switched output voltage levels for the 
same number of silicon devices. 
 Figure 6.2 shows how the same topological reduction process can be applied to 
a NPC converter. Figure 6.2(a) shows the standard phase leg structure for this 
converter, which is capable of generating a three-level switched output voltage. 
Figure 6.2(b) shows how two such phase legs can be combined together to create a 
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multilevel single-phase NPC converter, which is capable of generating a five-level 
switched output voltage. Figure 6.2(c) shows how the two NPC phase legs can be 
topologically reduced to complementary unidirectional phase legs, and once again 
linked through a coupled-inductor to create a reduced NPC phase leg (RNPC). 
 Note that the NPC reduction removes the pairs of switches 
3 ,S  4S  and 5 ,S  6S  
together with their clamping diodes 
2D  and 3.D  This is because each reduced NPC 
phase leg is only required to conduct in one direction, and hence only the 
freewheeling diodes 
3 ,D  4D  and 5 ,D  6D  need remain (the two series diodes are 
retained as separate devices to keep a consistent voltage rating across all 
semiconductor devices.) Furthermore, as with the CHB reduction, the anti-parallel 
diodes across the active switch devices are no longer required. 
 The RNPC phase leg can generate a five-level switched output voltage for the 
same number of silicon devices as the conventional three-level NPC phase leg shown 
in Fig. 6.2(a), and can be combined into single- and three-phase structures in the same 
way as for a conventional inverter system. It is commented that this NPC topological 
reduction was first introduced in [93][94], but once again the potential benefit of the 
elimination of the anti-parallel diodes when the controlled switches are IGBTs 
appears to have been unnoticed. 
6.2. Topologically Reduced FC Converter Phase Leg 
 Once the commonality of the phase leg reduction process has been identified 
for a CHB and a NPC multilevel inverter, it can be readily applied to a FC system, as 
shown in Fig. 6.3. Figure 6.3(a) shows the phase leg structure for a three-level 
( 3)L ?  flying-capacitor converter phase leg, which can generate an output voltage 
Ov  with three possible levels ( 0V , DCV? , and )DCV?  by proper commanding the four 
semiconductor switches (
1S  to 4 ).S  This converter structure also has the particular 
benefit of naturally maintaining a balanced voltage 
CAv  on the floating capacitor AC  
connected between the upper and lower pair of switches as it is modulated [103][104]
[113][114]. 
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 Note that for this topology, the zero output voltage is obtained by connecting 
the load to the positive or negative DC-rail through the flying-capacitor 
AC  (which in 
normal operation is charged to ),DCV?  effectively producing a net output voltage Ov  
equal to 0 .V  Also, only two gating signals ( 1As  and 2 )As  and their complementary 
counterparts are used to avoid DC-link and flying-capacitor short-circuits [77]. Hence 
four gate signal combinations are possible, namely 
1 2 {00,01,10,11},A As s ?  producing 
an output voltage 
Ov  equal to ,DCV?  0 ,V  0 ,V  and ,DCV?  respectively. From this 
analysis, it can be seen that a FC converter phase leg with C  cells can generate a 
phase leg output voltage 
Ov  with 2 1L C? ?  voltage levels. 
 Figure 6.3(b) shows how two FC phase legs can be combined to create a 
single-phase FC inverter, which can generate a five-level switched output voltage. As 
shown in Fig. 6.3(c), these two phase legs are then topologically reduced to 
complementary unidirectional structures and linked through a coupled-inductor, to 
(a)   
 
(b)   
 
(c)   
 
Figure 6.1. Conception of a reduced CHB converter: (a) two-level half-bridge 
converter, (b) single-cell three-level cascaded H-bridge converter phase leg, and (c) 
single-cell three-level RCHB converter phase leg derived from a pair of 
complementary unidirectional half-bridge phase legs and a coupled-inductor. 
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create a reduced FC phase leg (RFC) that can produce a five-level switched output 
voltage for the same number of silicon devices as the conventional FC phase leg 
shown in Fig. 6.3(a). In general a RFC converter phase leg with 'C  cells can generate 
an output voltage 
Ov  with ' 4 ' 1L C? ?  levels with the same number of silicon devices 
as a conventional FC phase leg. 
 The architecture shown in Fig. 6.3(c) was simultaneously published in the 
works [122] and [123]. However in [123] the coupled-inductor converter was 
 (a)
    
(b)
    
(c)
    
Figure 6.2. Conception of a reduced NPC converter: (a) three-level NPC converter 
phase leg, (b) two parallel-connected three-level NPC phase legs, and (c) a five-level 
RNPC converter phase leg conceived from two parallel-connected topologically 
reduced NPC phase legs and a coupled-inductor. 
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developed from a pair of complementary DC-DC switching cells instead of 
topologically reduced voltage-source converters as conceived in [122]. Furthermore, 
while the commonality among the three reduced arrangements was presented in detail 
in [122], this theme was not in the scope of work in [123]. 
 
 
(a)
    
(b)
    
(c)
    
Figure 6.3. Conception of a reduced FC converter: (a) single-cell three-level FC 
converter phase leg, (b) two parallel-connected single-cell three-level FC converter 
phase legs, and (c) single-cell five-level RFC converter phase leg conceived from two 
parallel-connected topologically reduced FC phase legs and a coupled-inductor. 
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6.3. Differential/Common-Mode Converter Model 
 Figure 6.4(a) presents a stylised circuit representation of the topologies 
presented in Figs. 6.1(c), 6.2(c) and 6.3(c), showing the equivalent circuit of the 
coupled-inductor with per winding resistance 
WR  and self-inductance L  (which 
separates into leakage-inductance 
KL  and mutual-inductance ,M  i.e. ).KL L M? ?  
 The phase leg voltages ( Av  and )Bv  and the coupled-inductor winding currents 
( Ai  and )Bi  can be defined as common- and differential-mode quantities, viz.: 
 ? ? 2CM A Bi i i? ? ,  (6.1) 
 ? ? 2DM A Bi i i? ? ,  (6.2) 
 ? ? 2CM A Bv v v? ? ,  (6.3) 
 ? ? 2DM A Bv v v? ? .  (6.4) 
Adding Eqns. (6.1) and (6.2) and subtracting Eqn. (6.1) from Eqn. (6.2), yields 
 
A CM DMi i i? ? ,  (6.5) 
 
B CM DMi i i? ? .  (6.6) 
Similarly, the addition of Eqns. (6.3) and (6.4) and the subtraction of Eqn. (6.3) from 
Eqn. (6.4), gives 
(a)
    
(b)
    
(c)
    
Figure 6.4. Equivalent circuits for (a) coupled-inductor inverter, (b)   
differential-mode current, and (c) common-mode current. 
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A CM DMv v v? ? ,  (6.7) 
 
B CM DMv v v? ? .  (6.8) 
 Applying Kirchhoff’s current law (KCL) to the coupled-inductor mid-point in 
the circuit of Fig. 6.4(a), provides 
 
O A Bi i i? ? . (6.9) 
Hence using Eqns. (6.5) and (6.6), it is concluded that 
 2O DMi i? .  (6.10) 
 Applying Kirchhoff’s voltage law (KVL) to the left-side mesh of simplified 
circuit shown in Fig. 6.4(a), yields 
 ( ) A BA O W A K
di di
v v R i L M M
dt dt
? ? ? ? ? ,  (6.11) 
which using Eqns. (6.5) and (6.7) can be rewritten as 
 ( ) ( ) 2 CMCM DM O W CM DM K CM DM
did
v v v R i i L i i M
dt dt
? ? ? ? ? ? ? .  (6.12) 
Similarly, applying KVL to the right-side mesh of circuit shown in Fig. 6.4(a) gives 
 ( ) B AO B W B K
di di
v v R i L M M
dt dt
? ? ? ? ? ,  (6.13) 
which can be rewritten using Eqns. (6.6) and (6.8) as 
 ( ) ( ) 2 CMCM DM O W CM DM K CM DM
did
v v v R i i L i i M
dt dt
? ? ? ? ? ? ? .  (6.14) 
 Finally, adding Eqns. (6.12) and (6.14) and subtracting Eqn. (6.12) from 
Eqn. (6.14), provides 
 DM
CM O W DM K
di
v v R i L
dt
? ? ? ,  (6.15) 
 ? ?2 CMDM W CM K div R i L M
dt
? ? ? .  (6.16) 
 Equations (6.15) and (6.16) define two separate equivalent circuits for the 
common- and differential-mode currents, as shown in Figs. 6.4(b) and 6.4(c). Observe 
from Eqns. (6.15) and (6.16) that 
CMi  and DMi  are clearly de-coupled from each other, 
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and can therefore be independently controlled. Furthermore, if 
WR  and KL  are 
neglected, Eqn. (6.15) can be rewritten as 
O CMv v? . 
6.4. Modulation Requirements 
 One essential requirement for the entire family of coupled-inductor converters 
is that current flows continuously through the coupled-inductor. This is required to 
ensure that the freewheeling diodes always conduct when their associated active 
switch turns off, so that the correct phase leg switched output voltages are created. 
For example, for proper operation of the RFC cell, the coupled-inductor winding 
currents 
Ai  and Bi  must always be continuous (CCM), so that diodes 4 ,D  3 ,D  6 ,D  
and 
5 ,D  respectively, act as complementary switches for the controlled unidirectional 
switches 
1,S  2 ,S  7 ,S  and 8.S  The consequence of this restriction is that the active 
switches must intentionally be controlled to incorporate a DC bias current 
DCI  into 
the winding currents 
Ai  and ,Bi  with a value greater than half the peak of the AC 
output load current. 
 Since the output current is purely a differential-mode quantity (i.e. 
2O A B DMi i i i? ? ? ), from Eqn. (6.15) this requires that the converter modulation 
process must command a fundamental frequency AC common-mode voltage 
CMV  to 
produce the target AC output current. Furthermore from Eqn. (6.16) it is clear that the 
modulator must also command a DC differential-mode voltage 
DMV  so as to produce 
the necessary common-mode DC bias current that guarantees CCM operation. Hence, 
the phase leg PWM reference commands should be: 
 ? ?sinA CM DM O O DCV V V M t m V? ? ? ? ? ,  (6.17) 
 ? ?sinB CM DM O O DCV V V M t m V? ? ? ? ? .  (6.18) 
where M is the target modulation depth for the phase leg output voltage with the AC 
frequency 
O? , and Om  is the required offset to maintain the DC bias current. 
 Application of these modulation commands to the converters of Figs. 6.1(c), 
6.2(c) and 6.3(c) requires a specific modulation strategy appropriate for the topology 
of interest. For the single-cell three-level RCHB converter phase leg shown in 
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Fig. 6.1(c), each unidirectional phase leg uses a unique carrier waveform, 
phase-shifted by 180? , as illustrated in Fig. 6.5(a). 
 For the five-level RNPC converter phase leg shown in Fig. 6.2(c), a 
level-shifted carrier PWM process is used [33], with a 180?  phase-shift imposed 
between the effective three-level carriers for each phase leg, as shown in Fig. 6.5(b). 
Finally, for the single-cell five-level RFC converter phase leg illustrated in 
Fig. 6.3(c), a phase-shifted carrier strategy [33] is used with a 90?  phase-shift 
imposed between four carrier waveforms with the outputs distributed to the four 
converter gate signals, as shown in Fig. 6.5(c). The waveforms for the modulation 
strategy of Fig. 6.5(c) are shown in Fig. 6.6, where it can be seen that the modulation 
commands 
Am  and Bm  are offset by Om?  and Om? , respectively. The intersection of 
these two modulation signals with the four carriers results in the logic gate signals 
which control the turn on and off instances of the active switches. 
 In principle for a FC multilevel inverter, correct carrier alignment should 
completely cancel all first carrier group harmonics for each individual phase leg, and 
all second carrier group harmonics between the two phase legs. Thus in principle, 
since the RFC derives from a two phase leg FC topology, it should achieve the same 
level of harmonic elimination. This is very desirable, since the higher the frequency 
(a)
    
(b)
    
(c)
    
Figure 6.5. PSC-PWM for topologically reduced coupled-inductor architectures: (a) 
single-cell three- level RCHB phase leg, (b) five-level RNPC phase leg, and (c) 
single-cell five-level RFC phase leg. 
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of the uncancelled harmonics between the two unidirectional phase legs, the less 
common-mode current ripple will flow between them. 
 Unfortunately, in practice a somewhat lesser degree of harmonic cancellation 
could be expected between the two RFC phase legs, since they are not modulated 
with exactly the same fundamental command (the difference is the DC offset 
command 
Om ) and hence they will generate slightly different carrier group harmonic 
components. This slightly worse harmonic performance also occurs with the RCHB 
and RNPC coupled-inductor converters. 
6.5. The Role of the Coupled-Inductor 
 The differential-mode impedance between the two unidirectional phase legs 
must be kept low to minimize output voltage distortion, while the common-mode 
impedance between the phase legs should be high to minimize switching current 
ripple. Figures 6.4(b) and 6.4(c) show how a coupled-inductor achieves this result. 
For the common-mode current that flows between the terminals 
Av  and Bv  the two 
winding mmfs sum, and hence the common-mode inductance is 
 2( 2 ).CM KL L M? ?   (6.19) 
 Provided that a high permeability core is used, this common-mode inductance 
will be quite high, particularly at PWM switching frequencies, and this is exactly 
 
Figure 6.6. PSC-PWM waveforms for a single-cell five-level coupled-inductor 
topologically reduced flying-capacitor converter phase leg. 
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what is required to limit the switching ripple current that flows between the two 
unidirectional phase legs. 
 In contrast, for the differential-mode (output) current, the two winding mmfs 
oppose and hence the differential-mode output inductance is the parallel sum of each 
winding’s leakage inductance, i.e. 
 || / 2.DM K K KL L L L? ?   (6.20) 
 Since much of the leakage inductance flux path is through air, it has a low 
permeability, and hence a low impedance value [124], which is exactly what is 
required to minimize the output voltage distortion caused by load current 
Oi  flowing 
through this impedance. Furthermore, the better the two windings are coupled, the 
lower this leakage inductance will be. 
6.6. Simulated Performance of FC and RFC Cells 
 The concepts and topological reductions presented in this chapter have been 
extensively verified both in simulation and experimentally. Detailed results are 
presented here and in Chapter 7 for the new RFC inverter topology only, since 
comprehensive results for this structure have not been previously reported. 
 Table 6.1 summarises the parameters and operating conditions for the simulated 
RFC phase leg shown in Fig. 6.3(c). The performance of this phase leg is compared 
against the single cell FC phase leg shown in Fig. 6.3(a), since both these topologies 
have the same number of silicon devices. Both phase legs were modulated using 
PSC-PWM. 
 Figure 6.7(a) shows the currents 
Ai  and Bi  flowing in each unidirectional phase 
leg of the RFC, together with the differential-mode output current .Oi  A bias current 
of ~ 5DCI A  has been commanded to ensure that the coupled-inductor currents Ai  
and 
Bi  remain in CCM throughout the AC fundamental cycle. It can be seen in 
particular that almost all of the switching ripple current that is present in the phase 
legs is common-mode, and flows internally between the two phase legs of the RFC. 
Figure 6.7(b) confirms this understanding, by explicitly showing the common-mode 
current .CMi  
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 Figures 6.8(a) and 6.8(b) compare the output phase leg current 
Oi  and switched 
output voltage 
Ov  of a single-cell conventional FC and the new RFC structure. The 
reduced output current ripple and five-level switched output voltage achieved by the 
RFC phase leg can be clearly seen. 
 Figure 6.9 confirms that the intrinsic natural capacitor voltage balancing 
characteristic [103][104][113][114] of the FC topology has been retained for the RFC 
phase leg, although there is an increased capacitor voltage ripple for the RFC phase 
leg compared to the conventional FC phase leg. However, the natural balancing 
performance is still very satisfactory and quite stable. 
 Figure 6.10(a) shows the simulated spectrum of the RFC unidirectional phase 
leg voltages 
Av  and ,Bv  while Fig. 6.10(b) shows the spectrum of the output 
voltage .Ov  As expected, there is complete cancellation of the 1 kHz carrier group 
harmonics within each unidirectional phase leg, but somewhat less complete 
cancellation of the 2 kHz carrier group harmonics between these two phase legs, 
because of the addition of the DC offset 
Om  to the primary modulation signal. 
 Figures 6.11 and 6.12 compare the output voltage and current spectra of a 
conventional three-level single phase-leg FC and the new RFC leg, where the 
superior performance of the RFC topology is quite clear. 
6.7. Summary 
 This chapter has presented a family of topologically reduced multilevel 
converters that achieve a significantly improved output harmonic performance for the 
same number of silicon devices, when compared to their full-bridge origins. The 
reduced topologies are combinational derivatives of multilevel semi-bridges linked 
together by coupled-inductors to achieve their improved performance. 
 This understanding allows the wealth of PWM knowledge relating to the origin 
multilevel inverter topologies to be easily extended to the reduced topology 
structures, further improving their harmonic performance. 
 The emphasis of this chapter was on the discussion of the underlying principles 
and concepts related to this family of multilevel coupled-inductor semi-bridge 
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converters. For this purpose, a series of comparative simulations were used, which 
highlight the main differences between full-bridge and coupled-inductor semi-bridge 
converter architectures. 
 After this understanding has been established, Chapter 7 will focus on the 
closed-loop current control of these topologically reduced multilevel converters, and 
will provide the confirmation of principles and concepts presented here and further 
extended in Chapter 7. A coupled-inductor reduced flying-capacitor converter phase 
leg will be used as the experimental platform to validate the concepts. 
Description Label Value 
DC-link voltage 2 DCV  200 [V] 
Supply frequency Of  50 [Hz] 
Switching frequency Cf  1 [kHz] 
Flying-cap capacitances AC , BC  440 [?F] 
Modulation depth M  0.9 
Modulation signal m  sin(2 )OM f t?  
Modulation offset Om  0.00275 
Load resistance LOADR  18 [?] 
Load inductance LOADL  10 [mH] 
Coupled-inductor   
   Self-inductance L  5 [mH] 
   Leakage-inductance KL  0.25 [mH] 
   Mutual-inductance M  4.75 [mH] 
   Individual winding-resistance WR  100 [m?] 
Table 6.1. Simulation parameters for RFC phase leg. 
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(a)
  
(b)
  
Figure 6.7. Simulation waveforms of a single-cell RFC converter phase leg: (a) 
winding currents 
Ai  and Bi  and output current ,Oi  and (b) winding currents Ai  and 
Bi  and common-mode current .CMi  
(a)
  
(b)
  
Figure 6.8. Simulated single-cell converter phase leg waveforms: (a) output current 
for FC '( )Oi  and RFC 
''( )Oi , and (b) output voltage for FC 
'( )Ov  and RFC 
''( )Ov . 
(a)
  
(b)
  
Figure 6.9. Simulated flying-capacitor voltages for single-cell (a) FC and (b) RFC 
converter phase legs. 
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(a)
    
(b)
    
Figure 6.10. Spectrum of voltages of a single-cell RFC converter phase leg: (a) 
Av  
and ,Bv  and (b) .Ov  
(a)
    
(b)
    
Figure 6.11. Spectrum of output voltage 
Ov  for single-cell (a) FC and (b) RFC phase 
legs. 
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(a)
    
(b)
    
Figure 6.12. Spectrum of output current 
Oi  for single-cell (a) FC and (b) RFC phase 
legs. 
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Chapter 7  
Current Control of Coupled-Inductor 
Semi-Bridge Converters
1
 
 From Chapter 6, for the correct synthesis of the phase leg switched output 
voltages of a coupled-inductor semi-bridge converter, a continuous flow of current 
must exist through the coupled-inductor windings. 
 This chapter presents a current regulation strategy for coupled-inductor 
multilevel converters that enforces this continuous mode of operation. The basis of 
the strategy is to recognise that the winding DC bias and the AC output load currents 
represent common-mode and differential-mode currents respectively, which can be 
effectively de-coupled and independently regulated with separate feedback processes. 
 The design principles presented here account for the different common-mode 
and differential-mode load dynamics. This allows the closed-loop bandwidth 
maximisation of both feedback loops. Consequently, since common-mode and 
differential-mode current controllers operate with comparable dynamics, the DC bias 
current in the windings can quickly react to the occurrence of rapid output load 
transient events. 
                                                 
The material in this chapter was first submitted in part as: 
C. A. Teixeira, B. P. McGrath, and D. G. Holmes, “Closed-Loop Current Control of Multilevel 
Converters Formed by Parallel Complementary Unidirectional Phase Legs,” in 2013 IEEE Energy 
Conversion Congress and Exposition (ECCE 2013), 2013, Submitted for Conference Review. 
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7.1. Coupled-Inductor Semi-Bridge Topologies 
 Figure 7.1 shows the three topologically reduced magnetically coupled 
converters presented in Chapter 6. The unidirectional conducting property of the 
complementary phase legs of these semi-bridge architectures presents a significant 
control challenge, since the coupled-inductor currents must flow continuously to 
ensure that the phase leg free-wheeling diodes always conduct when their associated 
active switch turns off. A failure to enforce this condition results in an ill-defined 
phase leg output voltage, leading to a consequential degradation of the converter 
spectral performance. 
 Hence, as identified in Chapter 6, the converter control process must introduce 
a DC bias into the coupled-inductor winding currents to guarantee continuous 
conduction, irrespective of the instantaneous AC peak current and converter non-ideal 
effects, such as semiconductor voltage-drops and switches turn-on/turn-off delays. 
The requirement for such a control process is well-recognised [86][87][88][89][90]
[91][92][93][94][101][102]. However the strategies reported to date do not account 
for fast transient load conditions. This potentially degrades the harmonic performance 
of this potentially promising cost-attractive family of reduced converters. 
7.2. Closed-Loop Current Control 
 Figure 7.2 shows the block diagram of the dual-loop regulator that has been 
developed in this thesis for the simultaneous control of the windings DC bias and the 
AC output load currents of the coupled-inductor inverters. In this structure, the 
upper-loop controls the differential-mode output current, while the lower-loop 
controls the common-mode bias current to ensure the winding currents are always in 
CCM operation. 
 The differential-mode output current ( )OI s  and the bias common-mode current 
( )CMI s  are measured and then compared to their target references 
* ( )OI s  and 
* ( )CMI s  
to form differential-mode and common-mode current errors of ( )OI s?  and ( )CMI s? , 
respectively. 
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 The common-mode current ( )CMI s  is conveniently measured using a single 
sensor that reads the sum of the winding currents ( )AI s  and ( )BI s . The 
common-mode current sensor is synchronously sampled at the carrier frequency, and 
as illustrated in Fig. 7.3, this filters the switching ripple current from the DC bias 
measurement. 
 The common-mode target current * ( )CMI s  is dynamically defined by the target 
output peak current 
* ( )OpkI s  multiplied by a gain 0.5K?  where 1.K? ?  The nominal 
factor 0.5 guarantees CCM operation for an idealised ripple free condition, while the 
(a)
    
(b)
    
(c)
    
Figure 7.1. Topologically reduced coupled-inductor converters: (a) single-cell 
three-level RCHB phase leg, (b) five-level RNPC phase leg, and (c) single-cell 
five-level RFC phase leg. 
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multiplier constant K?  provides an additional margin for the DC bias current to 
account for winding switching ripple current. 
 The current errors ( )OI s?  and ( )CMI s?  are fed through differential-mode and 
common-mode controllers ( )DMCG s  and ( )
CM
CG s , which are selected respectively as 
proportional-resonant (PR) and proportional-integral (PI) type regulators [42][43], 
since the differential-mode current is an AC quantity, and the common-mode current 
is a DC quantity, viz.: 
 ? ? 2 211DM DM OC P DM
R O
G s k
s
? ??? ?? ?? ??? ? ,  (7.1) 
 ? ? 1 11CM CMC P CM
I
G s k
s
? ?? ?? ??? ? .  (7.2) 
where DMPk  and 
CM
Pk  are the proportional gains, and 
DM
R?  and CMI?  are the 
resonant/integral reset times. The PWM modulator and inverter itself are modelled as 
a linear gain 
DCV  as illustrated in Fig. 7.2. The regulator selected for the 
differential-mode current control is a PR type specifically because the experimental 
system used in the validation process does not incorporate load back-emf voltage. 
However in general a PI regulator with feed-forward compensation of the load 
back-emf voltage is an alternative approach to the use of a PR controller. 
 The coupled-inductor and output load are modelled using differential-mode and 
common-mode transfer functions ( )DMPG s  and ( )
CM
PG s , which can be found by 
taking the Laplace transform of Eqns. (6.15) and (6.16). The output load dynamics 
contribute to ( )
P
DMG s  only, hence: 
 
Figure 7.2. Block diagram of the dual-loop differential- and common-mode current 
regulator. 
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 ? ? 21 1 ,
2 1 2
DM DM O K
P PDM
O W P O W
L L
G s T
R R sT R R
? ? ?? ?? ?? ? ?? ? ,  (7.3) 
 ? ? 21 1 ,
1
CM CM K
P PCM
W P W
L M
G s T
R sT R
? ? ?? ?? ??? ? .  (7.4) 
where 
OL  and OR  are the load inductance and resistance. If a back-emf type load is 
considered, this is introduced as the disturbance injection ? ?E s  signal in Fig. 7.2. 
 Considering the use of asymmetrical regular sampled PWM and synchronous 
sampling of differential-mode and common-mode currents, PWM sampling and 
transport delay 
DT  is included as an exponential delay block 
DsTe
?  in the forward 
paths of both feedback loops as shown in Fig. 7.2, with ? ?3 4D CT f?  as discussed 
earlier in Chapter 3. 
 Since both feedback loops in Fig. 7.2 have a first-order plant model, according 
to the analysis detailed in Chapter 3 the controller gains defined in Eqns. (7.1) and 
(7.2) have their maximum values constrained only by the PWM transport delay .DT  
 The maximisation of the proportional and integral/resonant gains of the 
common-mode PI and differential-mode PR controllers for a given design phase 
 
Figure 7.3. Coupled-inductor and summed common-mode DC currents, with 
switching ripple. 
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margin ,M?  and accounting for the presence of this inherent implementation delay DT  
in the feedback loops, is determined as follows. 
7.2.1. Common-Mode Current Controller Gains 
 For the common-mode current controller the open-loop gain is defined as 
 ? ? ? ? ? ?? ?1 1 DD sTCMCM IsTCM CM P DCC DC P CM CMW I Ps ek VG s e V G s R s sT ?? ? ?? ? ? .  (7.5) 
 The phase angle of this forward path loop gain at the cross-over frequency 
C?  
is given by (in radians) 
 
? ? ? ?? ?? ?? ?
? ? ? ?1 1
1
1
tan tan .
2
C D
C D
j TCM CM
C C DC P C
j TCMCM
C IP DC
CM CM
W I C C P
M
CM CM
C I C D C P
G j e V G j
j ek V
R j j T
T T
? ?
? ?
? ?
? ? ?? ?? ? ?? ?? ?? ?? ? ? ?? ?? ?? ??? ? ?? ? ? ? ?? ? ?
  (7.6) 
 The cross-over frequency for such a system is almost invariably well above the 
plant pole frequency and hence 
 ? ?1tan 2CMC PT? ?? ? .  (7.7) 
 Thus, from Eqn. (7.6) 
 ? ?1tan CMM C I C DT?? ? ? ? ??   (7.8) 
which gives 
 
? ?1tan CMC I M
C
DT
? ? ? ??? ? .  (7.9) 
 From Eqn. (7.9) the maximum value of cross-over frequency 
C?  for a given 
phase margin 
M?  occurs when ? ?1tan / 2,CMC I? ? ? ? ?  so that 
 ( )
2 M
C MAX
DT
? ??? ? .  (7.10) 
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 The maximum value of CMPk  can be determined by setting the open-loop gain at 
the maximum cross-over frequency 
( )C MAX?  to unity using Eqn. (7.5), which gives 
 
? ?? ?? ?? ?22 ( )( ) 22 ( )1 .1 CMCM C MAX PCM W IP C MAX CMDC C MAX ITRk V ???? ? ?? ?   (7.11) 
 Typically 
( ) 1
CM
C MAX I? ? ?  and ( ) 1CMC MAX PT? ? , hence Eqn. (7.11) reduces to 
 
? ?( ) ( )2 2C MAX K C MAXCM
P
DC DC
L M L
k
V V
? ? ?? ?   (7.12) 
which is dependent only on the coupled-inductor individual self-inductance, the 
cross-over frequency (determined by the transport and sampling delays), and the DC 
bus voltage. 
 Typically for this common-mode system the plant time constant CM
PT  is 
relatively large. In this case, the integral time constant CMI?  can be minimized by 
making ? ?1 ( )tan / 2CMC MAX I? ? ? ? ?  (for example 85o), which gives 
 
( )
10CM
I
C MAX
? ? ? .  (7.13) 
7.2.2. Differential-Mode Current Controller Gains 
 The ideal PR controller response defined by Eqn. (7.1) can be challenging to 
physically realize [125][126], particularly using a fixed-point calculation as is 
typically available in cost-attractive digital signal processors (DSPs) with PWM 
capability. Hence, a more practical alternative with damping is [39][40] 
 ? ? 2 211DM DMC P DM
R R O
s
G s k
s s
? ?? ?? ?? ?? ??? ?   (7.14) 
where 
R?  is the resonant cut-off frequency. While this form of controller limits the 
forward gain at 
O?  to 
 ? ? 11 ,DM DMC O P DM
R R
G j k
? ?? ? ?? ?? ?? ?   (7.15) 
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this is still a large gain increase of approximately /O R? ?  compared to the PI 
controller at the same frequency. 
 Therefore for the differential-mode (output) current controller the open-loop 
gain is defined as ? ? ? ? ? ? ? ? ? ?2 212 1 DD DM sTsTDM DM P DCC DC P DM DMO W R R O Pk V s eG s e V G s R R s s sT?? ? ?? ?? ?? ? ?? ?? ?? ?? ? .  (7.16) 
 The phase angle of this forward path loop gain at the cross-over frequency 
C?  
is given by (in radians) 
 
? ? ? ?? ?
? ? ? ?? ? ? ?
? ? ? ?
2 2
1 1
1
2 1
tan tan .
2
C D
C D
j TDM DM
C C DC P C
j TDM
P DC C
DMDM
O W C PR O C R C
M
DM DM
C R C D C P
G j e V G j
k V j e
R R j Tj
T T
? ?
? ?
? ?
? ? ?? ?? ??? ?? ?? ? ?? ?? ? ? ? ?? ? ?? ? ? ?? ?? ?? ?? ??? ? ?? ? ? ? ?? ? ?
  (7.17) 
provided that the cross-over frequency is high enough so that 
 ? ?? ?2 2 1C DMDM C RR O C R Cj jj? ? ? ?? ? ?? ? ? ? .  (7.18) 
 Typically for this differential-mode system the plant time constant DM
PT  is 
relatively small. In this case, setting the resonant reset time DM
R?  equal to the 
differential-mode time plant constant DM
PT , namely 
 DM DM
R PT? ?   (7.19) 
reduces Eqn. (7.17) to 
 ,
2M C D
T?? ? ??   (7.20) 
so that once again 
 ( )
2 M
C MAX
DT
? ??? ? .  (7.21) 
 The maximum value of DMPk  can be determined by setting the open-loop gain at 
the maximum cross-over frequency 
( )C MAX?  to unity using Eqn. (7.16), which gives 
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? ?( ) 2C MAX O KDM
P
DC
L L
k
V
? ??   (7.22) 
This gain is dependent only on the output load inductance, the coupled-inductor 
individual leakage-inductance, the cross-over frequency (determined by the transport 
and sampling delays), and the DC bus voltage. 
 Taken together, this strategy allows the optimized PI and PR gain values for 
any particular common-mode and differential-mode plant systems to be 
deterministically designed. The values of these gains calculated for the experimental 
system used in the validation process and for a phase margin 40M? ? ?  are listed in 
Table 7.1. 
 Figure 7.4 presents magnitude and phase Bode plots for the forward open-loop 
path gains for both the common- and differential-mode feedback loops. These plots 
confirm that both systems do achieve the same closed-loop bandwidth. This indicates 
that the common-mode current controller is capable of quickly reacting to new target 
differential-mode references, providing an adequate level of DC bias such that the 
winding currents always remain operating in CCM. 
 In particular, the magnitude Bode plot presented in Fig. 7.4 shows that as 
expected the PR regulator has a large gain at the fundamental frequency ,Of  and 
hence is able to track the commanded AC output current reference with minimum 
steady-state error. From the phase Bode plot shown in Fig. 7.4, for both controllers 
there is a noticeable phase roll off at higher frequencies, which are caused by the 
presence of sampling and transport delays in the feedback loops. 
7.3. Simulation and Experimental Validation 
 The phase-shifted carrier PWM and dual-loop current control of the 
coupled-inductor multilevel inverters has been extensively evaluated using 
time-based switched simulations and matching experimental investigations. An 
experimental single-cell five-level reduced flying-capacitor (RFC) converter phase 
leg (Fig. 7.1c) with the parameters described in Table 7.1 has been used as a reference 
for this investigation. 
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 The particular structure used in the validation process, and the simulated and 
experimental results acquired using this validation arrangement, are discussed as 
follows. 
7.3.1. Validation System 
 A complete description of the simulation and experimental systems is provided 
in Chapters 8 and 9. The aspects related to this specific validation are presented in 
Sections 8.2.4 and 9.3.4, respectively. 
 An overview of the setup for this experimental validation is shown in Fig. 7.5. 
The system is composed of two parallel three-level full-bridge flying-capacitor phase 
legs connected in parallel to a DC-link capacitor, two series supplies connected to the 
DC-link terminals, a coupled-inductor connected to the phase leg outputs, a RL load 
connected between the coupled-inductor and DC source mid-points, and a HMI 
laptop. 
 
Figure 7.4. Magnitude and phase Bode plots of open-loop forward path gain for 
differential- and common-mode current controllers. 
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 The power stage is situated within a converter/controller unit, which also 
contains a control board responsible for reading the analog signals (namely the 
common-mode current 
ABi  and the differential-mode output current )Oi , calculating 
the control action, and commanding the power switches using logic gate signals. Only 
the gate signals 
1,As  2 ,As  3 ,Bs  and 4Bs  are pulse width modulated, while the gate 
signals 
3 ,As  4 ,As  1,Bs  and 2Bs  are always kept at logic level zero to maintain their 
respective switches off. For simplicity, only the elements of the converter unit used 
for this specific experimental setup are presented in Fig. 7.5. 
 The coupled-inductor winding currents 
Ai  and Bi  are conveniently measured 
using a single transducer that reads the sum of 
Ai  and ,Bi  while a second current 
transducer measures the load output current .Oi  The HMI laptop communicates with 
the converter unit through an isolated RS-232 serial link, and runs a terminal program 
that allows the user to directly interact with the experimental converter. 
Converter/Controller Unit
comm
Laptop
R
L
O
A
D
sB1
sB2
sB3
sB4
sA1
sA2
sA3
sA4
L
L
O
A
D
Grid
DC Supply
Grid
DC Supply
iABiO
 
Figure 7.5. Overview of the experimental system: single-cell five-level reduced 
flying-capacitor (RFC) converter phase leg. 
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7.3.2. Simulation and Experimental Results 
 Figures 7.6, 7.7, and 7.8 compare the simulated and experimentally measured 
converter switched waveforms and floating-capacitor voltages under steady-state 
conditions. From Fig. 7.6, the switched phase leg voltages have a distinct three-level 
voltage pattern, which confirms that the common-mode DC bias current has been 
maintained in CCM. Figure 7.7 provides further support by showing the anticipated 
five output voltage levels that are target with this topology under CCM operating 
conditions. 
 From Fig. 7.6, the switched voltages of phase leg B have slightly higher voltage 
levels than phase leg A, because of the topological asymmetry of the unidirectional 
phase legs. As shown in Fig. 7.1(c), phase leg B of the single-cell five-level RFC 
converter phase leg is formed by upper diodes and lower active switches, while phase 
leg A is composed of upper active switches and lower diodes. Since the forward 
voltage-drop differs slightly for a switch collector-emitter and for a diode 
anode-cathode silicon junction, this causes the switched phase leg voltage 
asymmetries seen in Fig.  7.6. 
 However, this phase leg asymmetry vanishes for the switched output 
line-to-line voltage levels, and these voltages are evenly spaced and perfectly 
symmetrical around the zero-axis, as shown in Fig. 7.7. On the other hand, further 
inspection of Fig. 7.7 shows that the switched output voltages have a slight rounding. 
This rounded shape is a direct consequence of the AC output voltage-drop across the 
leakage inductance, as predicted in Eqn. (6.15). 
 Figure 7.8 shows the individual phase leg flying-capacitor voltages, which are 
very well-regulated to half the DC-link voltage. This indirectly confirms that the DC 
bias control of the winding currents is working as expected, otherwise there would be 
a visible unbalance in these flying-capacitor voltages. Note the presence of a 
high-frequency measurement noise for the experimental waveform. 
 The coupled-inductor winding currents, and the common-mode and 
differential-mode currents under steady-state conditions, for both simulation and 
experiment, are shown in Figs. 7.9, 7.10, and 7.11. From Figs. 7.9 and 7.10, the 
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commanded DC biasing current into the winding currents remains quite stable. 
Consequently, as shown in Fig. 7.11 this produces a differential-mode output load 
current with distinct lower and upper regions of current harmonics in each 
fundamental half cycle. 
 Figures 7.12, 7.13, and 7.14 compare the simulated and experimentally 
measured coupled-inductor winding currents, and the common-mode and 
differential-mode currents, for a transient step change in the current reference from 
2.5 A to 4.5 A. After this step change, both the common-mode (Fig. 7.13) and 
differential-mode (Fig. 7.14) currents quickly track to their new target values at 
similar rates. This is the anticipated consequence of matching the closed-loop 
bandwidths for both feedback loops shown in Fig. 7.2. A further consequence of this 
design approach is that the winding currents (Fig. 7.12) are always well controlled 
and maintain the necessary bias to achieve CCM operation, even under rapid transient 
load excursions. 
 Figures 7.15, 7.16, and 7.17 show the simulated and experimentally measured 
coupled-inductor winding currents, and the differential-mode and common-mode 
currents, now for a transient step-down change in the current reference from 4.5 A to 
2.5 A. Again, after the change in the commanded reference, both the common-mode 
(Fig. 7.16) and differential-mode (Fig. 7.17) currents quickly track to their new target 
values at similar rates, further confirming the benefit of matching the closed-loop 
bandwidths of both feedback loops. Also for the step-down transient, the winding 
currents (Fig. 7.15) remain well-controlled and retain the necessary bias to maintain 
CCM operation. 
 The simulation and experimental results provided in Figs. 7.6 through to 7.17 
are for unity power factor operation. An additional set of simulations has been 
performed to investigate the operation of coupled-inductor semi-bridge converters at 
different power factors, and some of these results are provided as follows. Figure 7.18 
shows simulation results of single-cell five-level reduced flying-capacitor (RFC) 
converter phase leg operating at power factor 0.707pf ?  leading, while Fig. 7.19 
shows the operation at power factor 0.pf ?  Figures 7.18(a) and 7.19(a) show that for 
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both operating conditions the output (differential-mode) current 
Oi  easily tracks its 
reference current 
Orefi  as expected. In addition, Figs. 7.18(b) and 7.19(b) show that 
for both conditions the output (common-mode) switched voltage contains five distint 
and uniform voltage levels, indicating that the flying-capacitor voltages preserve their 
natural balancing property. 
 Finally, as a remark, as well as offering the guarantee of CCM operation under 
load changes, the dynamic adjustment of DC bias into the winding currents allows 
improved converter efficiency, when compared to the less advantageous strategy of 
using a fixed DC bias value that is set to a nominal maximum load current. 
7.4. Summary 
 This chapter has presented a current regulation strategy that was specifically 
developed for coupled-inductor multilevel inverters. The strategy divides the tasks of 
common-mode DC bias current regulation and differential-mode AC output load 
current regulation into dual independent feedback loops. 
 Furthermore, using this approach the controller gains can be designed to 
achieve the same maximum closed-loop bandwidth. This ensures that the DC bias 
regulator can rapidly respond to AC load transients while always maintaining CCM 
operation, as is required for coupled-inductor converters. 
 The effectiveness of the approach has been confirmed with extensive simulation 
and experimental results on a single-cell five-level coupled-inductor flying-capacitor 
inverter phase leg. 
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Description Label Value 
DC-link voltage 2 DCV  400 [V] 
Supply frequency Of  50 [Hz] 
Switching frequency Cf  4 [kHz] 
Flying-cap capacitances AC , BC  110 [?F] 
Load resistance LOADR  32 [?] 
Load inductance LOADL  1.1 [mH] 
Coupled-inductor   
   Self-inductance L  2.4 [mH] 
   Leakage-inductance KL  0.1 [mH] 
   Mutual-inductance M  2.3 [mH] 
   Individual winding-resistance WR  50 [m?] 
Phase margin M?  40 [o] 
Output current controller   
   Proportional gain 
DM
PK  0.027 [A
-1
] 
   Resonant reset time 
DM
R?  0.036 [ms] 
Common-mode current controller   
   Proportional gain 
CM
PK  0.06 [VA
-1
] 
   Integral reset time 
CM
I?  2.1 [ms] 
Ripple allowance constant K?  1.5 
Table 7.1. Experimental system parameters and operating conditions. 
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(a) 
 
(b) 
Figure 7.6. Switched phase leg voltages 
Av  and Bv  for steady-state condition: (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.7. Switched output voltage 
Ov  for steady-state condition: (a) simulation and 
(b) experiment. 
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(a) 
 
(b) 
Figure 7.8. Flying-capacitor voltages 
CAv  and CBv  for steady-state condition: (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.9. Winding currents 
Ai  and Bi  for steady-state condition: (a) simulation and 
(b) experiment. 
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(a) 
 
(b) 
Figure 7.10. Common-mode current 
CMi  for steady-state condition: (a) simulation and 
(b) experiment. 
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(a) 
 
(b) 
Figure 7.11. Output (differential-mode) current 
Oi  for steady-state condition: (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.12. Winding currents 
Ai  and Bi  for transient step-up condition: (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.13. Common-mode current 
CMi  for transient step-up condition: (a) 
simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.14. Output (differential-mode) current 
Oi  for transient step-up condition: 
(a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.15. Winding currents 
Ai  and Bi  for transient step-down condition: 
(a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.16. Common-mode current 
CMi  for transient step-down condition: 
(a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.17. Output (differential-mode) current 
Oi  for transient step-down condition: 
(a) simulation and (b) experiment. 
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(a) 
 
(b) 
Figure 7.18. Simulated output (common-mode) voltage 
Ov  and output 
(differential-mode) current 
Oi  for power factor 0.707pf ?  leading. 
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EQUATION CHAPTER 8 SECTION 1 
  
 
(a) 
 
(b) 
Figure 7.19. Simulated output (common-mode) voltage 
Ov  and output 
(differential-mode) current 
Oi  for power factor 0pf ? . 
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Chapter 8  
Description of the 
Simulation Systems 
 Power electronic switching processes are inherently of a non-linear nature, 
which makes the development of analytical solutions in this area a difficult and time 
consuming task. Switched-time simulations are a short path alternative for the fast 
evaluation of concepts, since they provide a numerical solution without the need for 
solving the problem analytically. This approximate solution - available at 
discrete-time instances - is typically of comparable precision to the exact analytical 
solution. For a given system complexity, there is usually a trade-off between 
simulation time step, accuracy, and computational effort. 
 In this work the simulation package PSIM [127] has been extensively used to 
evaluate the concepts presented in Chapter 3 through to Chapter 7. This has allowed 
quick exploration of new topologies, modulation approaches, and control schemes, 
prior to their validation using the experimental structures which will be presented in 
Chapter 9. 
 This chapter provides an overview of the PSIM environment and then 
introduces four PSIM simulation structures. Each one of these structures represents a 
specific system designed to validate one set of the concepts presented in this thesis. 
Different levels of representation were utilised during the course of this research, with 
a selected number shown here to illustrate their applicability and limitations. 
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 Finally, this chapter presents selected ancillary simulation tools developed 
using the external dynamic link library (DLL) functionality of PSIM software. The 
simulation systems #1 and #4 are then revisited to exemplify the use of these DLLs. 
8.1. Simulation Environment 
 In contrast to SPICE-based simulation programs such as Cadence Pspice [128] 
and Altium Designer [129], built upon detailed circuit element models, the PSIM 
simulation package uses simpler component models containing only the most 
representative second-order characteristics. This makes the PSIM tool particularly 
advantageous for power electronic switching processes since it requires less 
processing effort and achieves better convergence rates even for larger simulation 
time steps. This advantage arises mainly because the use of simpler circuit elements 
facilitates the numerical solution of the overall circuit model, when compared to the 
more computationally demanding complex models originating from elaborate device 
representations. 
 The PSIM elements are organised into four blocks - power circuit, control 
circuit, sensors, and switch controllers. Figure 8.1 shows the relationship between 
these blocks and provides examples of their elements. 
 The power circuit consists of switching devices, RLC branches, transformers, 
and coupled-inductors. The control circuit is represented in block diagram form. 
 
Figure 8.1. PSIM elementary blocks. 
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 Components in the s-domain and z-domain, logic components (such as logic 
gates and flip-flops), and non-linear components (such as multipliers and dividers) are 
used in the control circuit. 
 Sensors are used to measure power circuit quantities and pass them to the 
control circuit. Gating signals are then generated from the control circuit and sent 
back to the power circuit through switch controllers to control switches. 
 PSIM offers the basic package as well as a series of specific add-on options 
such as motor drive and renewable energy modules. From these options, the digital 
control module is utilised in this work. 
 The simulation control block allows the setup of the total simulation time and 
simulation time step, among other parameters. Typically, a simulation time step 
ranging from 100 to 500 times smaller than the smallest switching period provides a 
good compromise between computational effort and accuracy of results. 
 For a full description of PSIM functionalities consult the user manual available 
at the PowerSim company website [127]. 
8.2. Simulation Systems 
 Four simulation systems were developed during the course of this work. 
System #1 was used to support the quantification of the intrinsic operating limits of 
single-phase two-level semi-bridge rectifiers introduced in Chapter 3. System #2 and 
system #3 were used to explore the open-loop PWM and closed-loop cascaded 
control of the two new semi-bridge multilevel rectifier topologies presented in 
Chapter 4 and Chapter 5, respectively. Finally, system #4 was developed to 
investigate the open-loop PWM and dual-loop current control of the coupled-inductor 
multilevel semi-bridge converter phase leg presented in Chapter 6 and Chapter 7. 
 An overview of these four simulation systems is now provided, with the 
description of each individual system divided into power stage, modulation, and 
control structures. 
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8.2.1. System #1: Single-Phase Semi-Bridge Rectifier 
 Figure 8.2 shows the simulation schematic diagram of the power stage for 
system #1. This system comprises an ideal sinusoidal voltage-source Es representing 
the incoming grid voltage, which connects in series to filters R1L1 and R2L2, and in 
turn to the individual outputs of the phase legs formed by the IGBT power switches 
{S1, S3} and {S2, S4}, respectively. These two phase legs connect in parallel and 
link to the positive and negative rails of the DC voltage-source Vdc, which represents 
a fixed DC-link bus voltage. 
 In this system the current sensor CT1 senses the input current and the voltage 
sensors VT1 through to VT4 measure the grid voltage, switched phase leg voltages, 
and switched line-to-line voltage, respectively. A voltage probe is connected to each 
of these sensors and this allows the inspection of these circuit signals using the PSIM 
Simview functionality. 
 Labels es, iin, a, an, b, and bn are used to conveniently interface the grid 
voltage and input current sensor outputs as well as the gate nodes of power switches 
S1, S2, S3, and S4, between the power stage and the modulation/control structures. 
 As a first stage, the power circuit was simulated using ideal grid voltage and 
power switches. Next, semiconductor voltage-drops were incorporated into the 
analysis. Finally, the measured experimental time data for the grid, containing both 
fundamental and harmonic voltage components, was loaded into the simulation 
environment. This later procedure will be explained in detail in Section 8.3, where 
ancillary simulation techniques will be introduced. 
 
Figure 8.2. PSIM schematic diagram of power stage utilised in system #1. 
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 The simulation arrangement used to produce the PWM for system #1 is shown 
in Fig. 8.3. The PWM pattern is generated at the comparator C1 output by 
comparison of the incoming modulation command m and the triangular 
voltage-source T1 output, respectively connected to the positive and negative inputs 
of comparator C1. Both the modulation command mAB and the carrier carAB output 
magnitudes range between 0 to 1. The carrier carAB has a frequency fc and 
phase-angle 0. 
 The comparator C1 output is logically inverted to provide the gate commands 
an and bn of the lower switches S2 and S4, while the commands a and b are 
connected to ground to maintain the upper switches S1 and S3 always off. The 
on-off switch controllers I1 through to I4 interface the control and power circuits. 
 A proportional-integral (PI) type regulator was used to closed-loop control the 
input current of this system. Figure 8.4 shows the schematic diagram of this control 
approach, driven by the sinusoidal voltage-source S1 that generates a fundamental 
commanded reference iREF which is compared against the measured input current 
iIN. Both reference and measured values are synchronously sampled at every half 
carrier period using zero-order hold blocks with sampling frequency fs = 2*fc. The 
 
Figure 8.3. PSIM schematic diagram of PWM modulator utilised in system #1. 
 
Figure 8.4. PSIM schematic diagram of input current controller used in system #1. 
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comparison between iREF and iIN is made on their absolute values and this forms the 
current error iERR which is then fed to the PI regulator to produce the feedback 
modulation command mFB. 
 An externally resettable discrete integrator is utilised to conveniently implement 
the anti-windup strategy, which consists of resetting the integrator output to zero if 
the modulation command m becomes smaller than zero. The integrator external 
control signal is produced by the output of comparator C1, which changes to logic 
level one (iSAT= 1) if the modulation command m becomes negative, or remains in 
logic level zero (iSAT= 0) otherwise. The forward Euler is chosen as the numerical 
method for the discrete integrator. 
 The feed-forward term mFF is used to reduce the burden control of PI regulator 
and is generated by the absolute value of synchronously sampled grid voltage es 
normalised to the DC-link voltage Vdc. A unit delay block with sampling frequency 
fs models the inherent half carrier period PWM transport delay and a limiter restricts 
the modulation command within the range {0, 1}. 
 
Figure 8.5. PSIM schematic diagram of power stage utilised in system #2. 
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8.2.2. System #2: Single-Phase Flying-Capacitor Semi-Bridge Rectifier 
 The schematic diagram of power stage for simulation system #2 is shown in 
Fig. 8.5. This system is formed by the series connection of ideal sinusoidal 
voltage-source Es and filter R1L1, which connect to the individual output of two 
flying-capacitor semi-bridge phase legs composed by {D1, D2, S3, S4, C1} and 
{D5, D6, S7, S8, C2}, respectively. These two FC semi-bridge phase legs are tied in 
parallel and connect to the DC-link capacitor C3 and load resistor R2. 
 Current and voltage sensors are used to measure the variables of interest. Labels 
interface the control inputs es, iin, and vdc as well as the control outputs a1n, a2n, 
b1n, and b2n between the power and modulation/control circuits. Again, the grid 
voltage and power devices were initially assumed as ideal. Later on, practical 
second-order characteristics were incorporated to the simulation, namely 
semiconductor device voltage-drops and experimental grid voltage. 
 Figure 8.6 shows the simulated PWM modulator for this system. In this 
structure the modulation command m is modified to produce two 180o discontinuous 
modulation patterns mA and mB. These altered modulation commands are then 
level-shifted by carP_2 to produce the compare values CMPR1 = CMPR4 and 
CMPR2 = CMPR5, where carP_2 is equal to half the peak magnitude carP of 
carriers carEVA and carEVB. This level-shift is utilised to maintain the compare 
values varying within the same range {0, carP} of carEVA and carEVB. For this 
 
Figure 8.6. PSIM schematic diagram of PWM modulator utilised in system #2. 
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system the carrier carEVA is 180o phase-shifted in relation to the carrier carEVB and 
both carriers have the same frequency fc. 
 Four PWM patterns are generated at each comparator output by the comparison 
of compare values CMPR1 = CMPR4 and CMPR2 = CMPR5 with the carriers 
carEVA and carEVB, and these patterns are logically inverted to produce the four 
gate commands a1n, b1n, a2n, and b2n, which are fed to their respective active 
switches using circuit labels. 
 The signals along this modulator structure vary within the same range 
{0, carP} of the experimental implementation using a digital signal processor (DSP). 
This facilitates comparison between simulation and experimental operation. 
 Figure 8.7 shows the schematic diagram of inner input current outer DC-link 
voltage cascaded control approach used for system #2. The upper region of this 
diagram contains the DC-link voltage PI controller. Here a DC voltage-source 
generates the commanded voltage reference vdcREF, which is compared against the 
measured DC-link voltage vDC, both synchronously sampled at the fundamental 
frequency fo, to form the DC-link voltage error vERR. Both vdcREF and vDC 
quantities are scaled to 1/Vdcsc which is the experimental hardware attenuation used 
in the DC-link voltage analog input. The quantity vERR is then fed to the PI DC-link 
voltage regulator. 
 
Figure 8.7. PSIM schematic diagram of cascaded outer DC-link voltage inner input 
current control architecture utilised in system #2. 
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 The PI regulator integral anti-windup strategy uses circuitry containing the 
comparators C1 and C2 and the NOR logic gate G1 to monitor the saturation 
condition. This strategy works as follows. 
 When the signal before the limiter L1 (bL) operates within the range 
{?Ipksc, ?Ipksc} both comparator outputs x and y remain at logic level zero, vSAT 
has a logic level one, and hence the integrator functions normally. For a positive 
saturation condition the signal before the limiter (bL) becomes greater than the signal 
after this limiter (aL), namely bL > aL. Conversely, for a negative saturation 
condition bL < aL. If bL > aL the comparator output y changes to logic level one 
while the comparator output x remains in logic level zero. Similarly, if bL < aL the 
comparator output x changes to logic level one and the comparator output y remains 
at logic level zero. For both cases (i.e. bL > aL or bL < aL) the signal vSAT has a 
logic level zero and this freezes the integrator output vINT, until the saturation ceases 
and normal operation is re-established. 
 The absolute value of the signal after the limiter L1 defines the commanded 
magnitude iREFPK, which is then multiplied by a unity fundamental sinusoidal 
voltage-source S1 (in-phase with the grid voltage) to define the reference iREF for 
the input current PI regulator, as shown in the lower part of Fig. 8.7. Here the 
commanded current iREF is compared with the measured input current iIN to form 
the current error iERR. Both iREF and iIN are synchronously sampled at half the 
carrier frequency and these quantities are scaled to 1/Isc, which is the experimental 
hardware amplification used in the input current analog input. The quantity iERR is 
then fed to the PI regulator which has a similar structure to the controller used in 
system #1, but with the same integrator output freeze anti-windup strategy as for the 
DC-link regulator (instead of resetting the integrator output to zero as was done in 
system #1). 
 The feed-forward term mFF is generated using a similar arrangement as for 
system #1 with the difference that the measured grid and DC-link voltages are scaled 
to 1/Vacsc and 1/Vdcsc, which are the experimental hardware attenuation factors 
used for in the grid voltage and DC-link voltage analog inputs, respectively. 
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 Three scaling factors are used to bring the quantities back to their usual values 
when hardware scaling is not taken into account. These scaling factors are determined 
using dimensional analysis as follows. 
 The scaling factor Vdcsc/Isc is used in the DC-link PI regulator path to remove 
the 1/Vdcsc hardware DC voltage scaling and to introduce the 1/Isc hardware 
current scaling, forming a commanded current iREF with the same analog-to-digital 
count (ADC count) unit as the measured input current iIN. 
 The scaling factor Isc is used in the PI input current regulator feedback path to 
remove the 1/Isc hardware current scaling. This forms a current error iERR in 
Ampere units, which is then cancelled out by the proportional gain units that are 
1/Ampere, to produce the dimensionless feedback modulation command mFB. 
Similarly, the scaling factor Vacsc/Vdcsc is used in the feed-forward path to 
eliminate the hardware AC and DC voltage scaling and produce the dimensionless 
feed-forward modulation command mFF. 
 The incorporation of hardware scaling into the simulation environment 
facilitates the comparison between simulation and experimental operation. 
8.2.3. System #3: Two-Cell Semi-Bridge Rectifier Phase Leg 
 Figure 8.8 shows the simulation schematic diagram of the power stage for 
system #3. This system comprises the ideal sinusoidal voltage-source Es, which 
connects to a single-phase dual-secondary transformer T1. This transformer feeds two 
single-phase two-level semi-bridge rectifiers to produce the two isolated DC-link 
output voltages vDC1 and vDC2. The PSIM model of transformer T1 incorporates 
primary and secondary resistances and inductances, magnetising inductance, and the 
turns ratio. The inductors L1 and L2 represent the two boost inductances, and the 
pairs {C1, R1} and {C2, R2} model the individual DC-link capacitances and load 
resistances. 
 Current and voltage sensors measure the variables of interest and labels 
interface the control inputs es, iin1, and vdc1 as well as the control outputs a1n, 
b1n, a2n, and b2n, between the power and modulation/control circuits. Grid voltage 
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and power devices are initially considered as ideal, with their practical second-order 
characteristics incorporated later. 
 As shown in Fig. 8.9, the PWM modulator for system #3 uses the same 
principles as for system #2, but has its signals varying between ?1 to ?1 instead of 
the experimental range 0 to car_P. In addition, Fig. 8.10 shows that the control 
structure for system #3 also has similar arrangement as for system #2, with three 
essential differences. Firstly, hardware scaling is not incorporated into the simulation. 
Secondly, the controlled variables are the secondary current iin1 and the DC-link 
voltage vdc1. And thirdly, the feed-forward path accounts for the transformer T1 
turns ratio a. Aside from these changes, everything else in simulation system #3 is 
exactly the same as system #2. 
 
Figure 8.8. PSIM schematic diagram of power stage utilised in system #3. 
 
Figure 8.9. PSIM schematic diagram of PWM modulator utilised in system #3. 
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8.2.4. System #4: Single-Cell Reduced FC Converter Phase Leg 
 The schematic diagram of power stage for system #4 is shown in Fig. 8.11. The 
main elements of this system are the two unidirectional complementary 
flying-capacitor semi-bridge phase legs composed by {S1, D1, S2, D2, D3, D4, 
C1} and {D5, D6, S7, D7, S8, D8, C2}, and the coupled-inductor L1, where the 
ideal diodes D1, D2, D7, and D8 are used to model the exclusion of the anti-parallel 
diodes of switches S1, S2, S7, and S8, respectively. These two phase legs are 
connected in parallel and tied to a split DC-link bus voltage formed by the two DC 
voltage-sources V1 and V2. The external terminals of the coupled-inductor L1 link to 
each individual phase leg output and its mid-point connects to the RL load formed by 
R3 and L2. 
 Current sensors CT1, CT2, and CT3 measure the winding currents iA and iB 
and the output current iO, respectively. Voltage sensors VT1 through to VT5 measure 
the switched phase leg voltages vAN and vBN, line-to-line switched voltage vAB, 
and flying-capacitor voltages vC1 and vC2, respectively. Labels interface the control 
inputs ia, ib, and io as well as the control outputs a1, a2, b1n, and b2n, between the 
power and modulation/control circuits. 
 
Figure 8.10. PSIM schematic diagram of control approach used in system #3. 
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 Figure 8.12 shows the schematic diagram of PWM modulator developed for 
this system. It uses two triangular voltage-sources T1 and T2 phase-shifted ?90o 
from each other and four comparators C1 through to C4 to produce four PWM 
patterns A1, A2, B1n, and B2n. 
 The differential- and common-mode modulation commands mdm and mcm are 
synchronously sampled every half carrier period using the sample-and-hold (S/H) 
blocks SH1 through to SH6. These S/H blocks are triggered at the rising-edge of the 
square voltage-sources S1 through to S6. 
 For the compare signals entering the positive inputs of comparators C1 and C2 
the sampling points are in-phase with the carrier carA, while for the compare signals 
entering the positive inputs of comparators C3 and C4 the sampling points are 
in-phase with the carrier carB. The phase-shift of square voltage-sources S2, S5, and 
S6 is ?180o instead of ?90o because their frequency is twice the frequency of 
triangular voltage-source T2. 
 
Figure 8.11. PSIM schematic diagram of power stage utilised in system #4. 
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 The schematic diagram for the dual-loop current control approach used in this 
system is shown in Fig. 8.13. The upper and lower parts of this diagram contain the 
differential-mode (output) and the common-mode current regulators, respectively. 
The commanded reference synthesis is enclosed within the dashed-dotted area on the 
left side of diagram. This synthesis allows the generation of steady-state and transient 
reference waveforms for both regulators. The proportional block kD is the ripple 
allowance constant. The multiplication of this constant kD by the differential-mode 
peak current reference defines the command for the common-mode current regulator. 
 Both the output and common-mode currents are synchronously sampled every 
quarter carrier period using the S/H blocks SH1 and SH2, which are triggered at the 
rising-edge of the square voltage-sources S1 and S2. 
 The output current proportional-resonant (PR) regulator is implemented using a 
second-order generalised integrator (SOGI) [130]. In this approach the resonance 
operations are separated into a cascaded feedback loop structure employing basic 
integrator and multiplication operations. Hence all gains and dynamic elements are 
 
Figure 8.12. PSIM schematic diagram of PWM modulator utilised in system #4. 
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unaffected by the target resonant frequency and this simplifies the 
implementation [130]. 
 Time delay blocks TD1 and TD2 implement the inherent half carrier period 
PWM transport delay. Both regulators use the integrator output freezing strategy to 
manage integration windup. 
8.3. Ancillary Simulation Tools using DLLs 
 One of the most useful features of the PSIM software is the external dynamic 
link library (DLL) block. An external DLL block allows users to write code in 
C/C++, compile it into DLL using Microsoft Visual C/C++, and link it with PSIM. 
These blocks can be used in either the power circuit or the control circuit. 
 A DLL block receives values from PSIM as inputs, performs the calculation, 
and sends the results back to PSIM. The DLL software routine is called at each 
simulation time step. 
 This section describes selected simulation tools developed during this research 
using the external DLL block functionality. 
8.3.1. DataLoader DLL 
 The DataLoader DLL was developed for loading a data array into the 
simulation environment. This data array may for example contain the theoretical 
 
Figure 8.13. PSIM schematic diagram of control approach used in system #4. 
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prediction for a given simulated circuit variable or the experimental measurement for 
such a variable. 
 Figure 8.14 shows an application of this DLL to replace the ideal supply 
voltage of system #1 by the experimental grid voltage. From this figure, the input 
in[0] of the DataLoader.dll block connects to a DC voltage-source with 
magnitude Shift. The integer value Shift defines the desired phase-shift of the data set 
{d0, d1, d2, …, d(N?1)} stored by the DataLoader.dll. 
 This data set is sequentially written to the output out[0] of DataLoader.dll 
block, one data at each simulation time step, starting by the data d{Shift}. When the 
last data is reached, the write wraps around and the next data written to out[0] is d0. 
The value 0.0 is continuously written to the output out[1] to form the ground for the 
signal written to out[0]. The output out[2] connects to the probe ShiftError to signal 
if the value of Shift is outside the data index range {0, N?1}. If that is the case 
ShiftError = 1 and the value 0.0 is written to the output out[0], otherwise ShiftError 
= 0. If necessary the two additional DC voltage-sources with magnitude Offset and 
Gain allow to fine tune the data set by applying a post offset and/or gain adjustments. 
 Figure 8.15 shows the C source code of DataLoader DLL. From this figure, 
line 05 contains the declaration of the DataArray variable which stores the data set, 
lines 06 through to 18 contain the initialisation code that runs only at the first 
 
Figure 8.14. An application example for the DataLoader DLL: replacement of ideal 
supply voltage of system #1 by the experimental grid voltage. 
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simulation step to read the desired phase-shift and signalise an error if the phase-shift 
read is outside the data index range, line 19 writes to out[0] the data value for the 
current simulation time step or line 20 writes 0.0 to out[0] if an invalid phase-shift 
has been read at the initialisation, line 21 writes 0.0 to the ground output out[1], line 
22 increments the index counter, and line 23 resets this counter to zero if the last data 
has been reached. 
 The auxiliary Microsoft Excel macro GenerateDataArray() has been 
written to convert a numerical data set into C language data array format. This macro 
assumes that a complete data set is located at the second column of a Microsoft Excel 
spreadsheet, starting from the first row. It also assumes that the first desired data (i.e. 
the first data of set for which the C data array will be built) is located at {F row, 
second column} with F defined by the value of {first row, first column}. It also 
assumes that the number of data N of desired data set is defined by the value of 
{second row, first column} and that a chosen granularity G is defined by the value of 
{third row, first column}. 
01   #include <math.h> 
02   __declspec(dllexport) void simuser (double t,double delt,double* in,double* out) 
03   { 
04    static long Cnt = 0, CntMax = n, ShiftError = 0, CntIni = 0, First = 1; 
05    static double DataArray[n]={d0, d1, d2, …, d(N-1)}; // data array 
 
06    if(First) // runs only for the first simulation time step 
07    { 
08     CntIni = in[0]; // reads the desired phase-shift 
09           // evaluate if phase-shift is outside the range [0, CntMax-1] 
10     if( ( CntIni < 0 ) || ( CntIni > (CntMax - 1) ) ) ShiftError = 1; // if it is, 
then sets ShiftError bit 
11     else 
12     { 
13      ShiftError = 0; // otherwise resets ShiftError bit 
14      Cnt = (long)CntIni; // and loads phase-shift to the counter 
15     }   
16     out[2] = ShiftError; // writes ShiftError bit to the output 
17     First = 0; // clears First to run initialisation only once 
18    } 
19    if(!ShiftError) out[0] = DataArray[Cnt]; // if not error then writes data to the 
output 
20    else out[0] = 0; // otherwise writes 0 to the data output 
21    out[1] = 0; // always writes 0 to the ground output 
22    Cnt++; // increments counter 
23    if(Cnt == CntMax) Cnt = 0; // if last data was reached then restart counter 
24   } 
 
Figure 8.15. C source code of DataLoader DLL. 
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 When this macro runs it reads the desired data set from the second column and 
writes the same data - but formatted to C language data array - to the third column. 
This data set can be then copied and paste to the DataLoader.dll. 
 The Visual C source code for this macro is shown in Fig. 8.16. From this figure, 
lines 04 to 06 read the values of F, N, and G from their respective cells, line 07 
calculates the last row of data set of interest, lines 08 through to 10 clear the content 
of third column and position the cursor at its first row, and lines 11 through to 17 
read each value of the desired data set from the second column and write it to the 
third column using the C language data array format. 
 The approach of using experimental data as an input for the PSIM simulation in 
general works very well. On the other hand, if the data set contains a large noise level 
this may generate unrealistic simulation results. In this case, a simple low-pass 
filtering usually mitigates the problem. In this work the adjacent-averaging method 
with a moving window of 10 points has been utilised for this purpose. Figure 8.17 
shows the experimental grid voltage for one of the validation conditions of system #1 
before and after this filtering was applied. 
01  Dim Cnt1, Cnt2 As Long 
02  Dim FRow, LRow, NData, Gran As Long 
 
03  Sub GenerateDataArray() 
04  FRow = Cells(1, 1).Value 
05  NData = Cells(2, 1).Value 
06  Gran = Cells(3, 1).Value 
07  LRow = FRow + NData - 1 
 
08  Columns("C:C").Select 
09  Selection.ClearContents 
10  Range("C1").Select 
 
11  Cells(FRow, 3).Value = "DataArray[" + CStr(NData/Gran) + "]={ " + CStr(Cells(FRow, 
2).Value) + "," 
 
12  Cnt2 = FRow + 1 
 
13  For Cnt1 = (FRow + Gran) To (LRow - Gran) Step Gran 
14    Cells(Cnt2, 3).Value = CStr(Cells(Cnt1, 2).Value) + "," 
15    Cnt2 = Cnt2 + 1 
16  Next Cnt1 
17  Cells(Cnt2, 3).Value = CStr(Cells(LRow - Gran, 2).Value) + "};" 
18  End Sub 
 
Figure 8.16. Visual Basic source code of the Excel macro GenerateDataArray(), 
which converts a set of data into the C language data array format. 
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8.3.2. Controller DLL 
 The Controller DLL was developed for executing the C source code of the 
controller running within the experimental DSP interrupt routine, in the simulation 
environment. Figure 8.18 shows an application example of this concept, where the 
controller for system #4 has been embedded into the Controller DLL block. 
 In this example, the DLL inputs are the control inputs of system (i.e. the 
winding currents ia and ib and output current io), a series of control parameters 
(controller gains, magnitude of commanded current, among others), and the 
information of state of timers T1 and T3. 
 The DLL software is divided into two sections. The initialisation section runs 
only at the first simulation step and reads the system parameters. The interrupt section 
executes at specific instances of time according to the state of timers T1 and T3, 
following same interrupt strategy adopted in the experimental system. 
 Each time that the interrupt section runs, it processes the control inputs and 
generates as DLL outputs the compare values CMPR1, CMPR2, CMPR4, and 
CMPR5, which are then fed to the comparators C1 through to C4 to generate the 
 
Figure 8.17. Experimental grid voltage before (eS) and after (eSf) an 
adjacent-averaging is applied. The filtered experimental grid voltage is loaded into 
the PSIM simulation using the DataLoader DLL. 
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PWM patterns. Internal variables can be easily inspected using the spare DLL 
outputs. 
 Within the DLL routine, the common-mode current regulator is implemented in 
both floating-point and fixed-point arithmetic, and the arithmetic type can be selected 
 
Figure 8.18. An application example for the Controller DLL: replacement of 
control structure of system #4 by the experimental DSP interrupt controller code. 
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during the DLL compilation using conditional compilation directives, namely 
#ifdef and #endif. 
  The use of Controller DLL approach makes the development of the DSP 
controller interrupt code very convenient. In addition, it is a valuable tool for 
debugging misbehaviours during the commissioning of the experimental system. 
 The code used to generate the Controller DLL is provided in Appendix B. 
8.4. Summary 
 This chapter has presented four simulation systems utilised over the course of 
this investigation. These systems have been conceived to progressively model aspects 
of experimental systems used to validate the concepts introduced in this research, 
such as hardware scaling and DSP timer features. They also have incorporated 
second-order practical effects such as semiconductor voltage-drops and grid voltage 
harmonics. 
 Two ancillary simulation tools have been developed utilising the external DLL 
feature of PSIM software. Both these DLLs have been valuable tools for comparison 
of theoretical, simulated, and experimental results as well as for debugging purposes. 
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Chapter 9  
Description of the 
Experimental Systems 
 The practical validation of the theoretical intrinsic operating limits of 
single-phase semi-bridge converters presented in Chapter 3 and the PWM and 
closed-loop control of the three multilevel semi-bridge topologies presented in 
Chapter 4 through to Chapter 7, have required the development of a set of application 
specific experimental structures. These systems were developed using general 
purpose hardware and software building blocks available within the Power and 
Energy Group (PEG) of RMIT University. 
 The experimental results obtained using these hardware arrangements have 
been presented during the body of the thesis to aid the logical flow of ideas. This 
chapter describes the general purpose hardware and software building blocks adopted 
for this work as well as the structural composition of each specific system utilised in 
the experimental validation process. 
9.1. Hardware Building Blocks 
 The power converter systems employed in this thesis are all essentially formed 
by a power stage structure which is operated by a DSP controller unit. Two general 
purpose power stage structures, both designed and constructed by the PEG group, and 
two general purpose controller units, developed and built by the company Creative 
Power Technologies (CPT) [131], were utilised for this work. 
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9.1.1. Power Stage Structures 
 The first general purpose power stage that was used is the RMIT-U01 
single-phase four phase leg 2 kVA voltage-source inverter board, which incorporates 
eight 75 A / 600 V discrete TO-247 IGBTs (Infineon P/N IKW75N60T) in a 4 phase 
leg structure. Figure 9.1 shows a simplified schematic diagram of this board, which 
consists of two power terminals 
9T  and 10T  for incoming AC voltage connection, 
in-rush current limiting stage formed by the resistors 
3R  and 4R  and main and 
auxiliary relays 
1K  and 2 ,K  diode-bridge rectifier composed by the diodes 1D  to 4 ,D  
a pair of independent H-bridge converters formed respectively by the power switches 
1S  to 4S  and DC-link capacitor 1C , and power switches 5S  to 8S  and DC-link 
capacitor 
2 ,C  and two power terminals 1T  and 2T  for off-board DC-link output 
connection. 
 The independent H-bridge converters can be connected together using the links 
1J  and 2.J  Both individual DC-link capacitors 1C  and 2C  have their respective 
individual discharge resistors 
1R  and 2.R  This power stage board also offers the 
option of connecting an external inductor to the power terminals 
7T  and 8T  for power 
factor corrector (PFC) implementation. 
 Four on-board hall-effect current transducers (LEM P/N LAH25-NP) [132] 
allow the measurement of the phase leg output currents ( ,Ai  ,Bi  and )Ci  and rectified 
input current ( ).Di  These current transducers are set to have a turns ratio a  = 1000:1 
and primary nominal current 
PI  = 25 A, and have a frequency bandwidth which 
allows to measure signals from DC up to 200 kHz. 
 The individual DC-link voltages 
1( DCv  and 2 )DCv  are made externally available 
through two independent terminals. The board also provides IGBT terminal 
connections for each individual gate command, namely 
1,As  2 ,As  1,Bs  2 ,Bs  1,Cs  2 ,Cs  
1,Ds  and 2.Ds  
 The second general purpose power stage employed is the RMIT-FC board, a 
five-level flying-capacitor converter phase leg, which uses four 75 A / 1200 V IGBT 
power modules (Semikron P/N SKM75GB123D), each containing a pair of power 
switches, namely 
1 2{ , },S S  3 4{ , },S S  5 6{ , },S S  and 7 8{ , }.S S  
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Figure 9.1. Simplified schematic diagram of the RMIT-U01 power stage board, a 
general purpose 2 kVA four phase leg voltage-source inverter. 
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 Figure 9.2 shows a simplified schematic diagram of this board, which consists 
of four flying-capacitor switching cells, each comprising two power switches and a 
flying-capacitor with its respective discharge resistor, i.e. cell #1 = 
4{ ,S  5 ,S  1,C  and 
1},R  cell #2 = 3{ ,S  6 ,S  2 ,C  and 2},R  cell #3 = 2{ ,S  7 ,S  3 ,C  and 3},R  and cell #4 = 
1{ ,S  8 ,S  4 ,C  and 4}.R  The board also offers two power terminals 2T  and 3T  for 
connection to an external DC-link capacitor 
BUSC  and discharge resistor 4.R  
 In contrast to the RMIT-U01 board, the RMIT-FC board does not provide 
on-board current transducers. Hence it requires stand-alone external current 
transducers for the measurement of the currents of interest. For this work the 
hall-effect LEM current transducer LA100-P [132] was employed, which provides the 
same 200 kHz bandwidth as the LAH25-NP. 
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Figure 9.2. Simplified schematic diagram of the RMIT-FC power stage board, a 
general purpose five-level flying-capacitor converter phase leg. 
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 The current transducer LA100-P has a rectangular hole for mounting the 
primary winding. For a single turn ( 1)n ?  the turns ratio of this transducer is 
a  = 2000:1 and the primary nominal current is 
PI  = 100 A. For higher number of 
turns the turns ratio and primary nominal current change accordingly, i.e. 
a  = (2000/n):1 and 
PI  = (100/n) A. 
 The two generic boards RMIT-U01 and RMIT-FC were adapted to suit the 
specific needs of each experimental validation presented in this thesis. 
9.1.2. Controller Units 
 The power stage converters were controlled by control units produced by CPT. 
These control units are based on the Texas Instruments (TI) TMS320F2810 Digital 
Signal Processor (DSP). This powerful and versatile 150 MHz 32-bit fixed-point 
microprocessor is able to manage all converter control tasks, and interfaces to the 
power stage via a set of cards and motherboards (once again standard CPT products). 
 Two different control unit configurations were used in this work. The first 
configuration uses the CPT-DA2810 controller card mounted onto the CPT-E13 
controller motherboard, as shown in Fig. 9.3(a). The second configuration has the 
CPT-DA2810 controller card mounted onto the intermediate CPT-Mini2810 
controller card, which in turn is assembled onto the CPT-GIIB controller 
motherboard, as shown in Fig. 9.3(b). A set of PWM gate drive outputs of the 
GIIB | Mini2810 | DA2810 control arrangement is mapped to a digital I/O interface, 
which can be connected to an external CPT-E10 gate drive board. This feature was 
utilised in the control unit #2 as illustrated in Fig. 9.3(b). 
 The main functionalities of the TMS320F2810 DSP as well as each CPT 
controller card and motherboard are described in the next sections. 
9.1.3. DSP Controller 
 The TMS320F2810 DSP (or simply 2810 DSP) is a well-established Texas 
Instruments microprocessor specifically designed for power electronic control 
applications. Among its rich core and peripheral features, two elements are of major 
 Chapter 9. Description of the Experimental Systems 
190 
importance. The first is the event manager (EV), which comprises two modules (EVA 
and EVB) each containing three compare units capable of producing up to six 
complementary pulse width modulation (PWM) signals. The second is the 
analog-to-digital converter (ADC) module, a 16-channel 12-bit arrangement with 
built-in sample-and-hold (S/H) circuitry. 
 Figure 9.4 shows an illustrative representation of the EV configuration utilised 
in this thesis, where only two compare units of each EV module are used. This 
configuration implements the double edge asymmetric regularly sampled PWM 
strategy [33], which requires that the carrier waveforms are triangular and that the 
reference waveforms are updated every half carrier interval. 
 The structure uses two triangular carriers carA  and ,carB  both with 
frequency ,Cf  which can be optionally phase-shifted by an angle .?  Each one of 
these two carriers is produced by an EV timer which continuously counts from a 
minimum value (typically zero) up to a maximum value, and then counts from this 
maximum value down to the minimum value. When the minimum value is set to zero, 
the maximum timer value relates to the desired carrier frequency 
Cf  by 
 
1
max .
C
HSPCLK
CLOCKDIV f
?   (8.1) 
where HSPCLK  is the high-speed peripheral clock and CLOCKDIV  is the 
high-speed clock prescaler. 
CPT-E13 Controller Motherboard
CPT-DA2810
Controller Card
 
(a) 
CPT-GIIB Controller Motherboard
CPT-DA2810
Controller Card
CPT-Mini2810
Controller Card
CPT-E10 Gate Driver Board
 
(b) 
Figure 9.3. Control units arrangements: (a) configuration #1, based on the CPT-E13 
controller motherboard, and (b) configuration #2, based on the CPT-GIIB controller 
motherboard. 
Chapter 9. Description of the Experimental Systems 
191 
 In this representative arrangement the compare registers .Eva CMPRx  and 
.Evb CMPRy  are sampled at every peak and trough of the respective EV carrier (i.e. 
carA  for EVA and carB  for EVB) by individual sample-and-hold (S/H) structures 
with sampling frequency 2 .SS Cf f?  The PWM output signals result from the 
comparison of each synchronously sampled compare register value with the 
respective EV carrier value. 
 The synchronous S/H structure represented in Fig. 9.4 is implemented in the 
2810 DSP as follows. An EV interrupt is triggered a short time after every period and 
underflow event of each EV timer. Within the interrupt code the source of the EV 
interrupt is identified to determine which EV compare registers must be loaded with 
an updated value. In addition, the compare registers are shadowed. Each of these 
compare structures is formed by a two-level first-in first-out (FIFO) shift-register, 
configured to shift at every EV timer underflow and overflow, with the second-level 
data of the EV compare register being the value compared with the EV timer to 
produce the PWM waveform. 
 A consequence of this implementation is that the PWM outputs lag the interrupt 
service routine by one half carrier interval. This is particularly important to the 
regulator operation, because it introduces phase delay to the system, thus affecting the 
closed-loop performance. 
 The EV module has built-in programmable hardware dead-time for the three 
complementary pairs, but this functionality was disabled on the experimental 
PWM1
PWM2
PWM3
PWM4
PWM5
PWM6
max
fC min ? 
PWM7
PWM8
PWM9
PWM10
PWM11
PWM12
Eva.CMPR1
Eva.CMPR2
Eva.CMPR3
Evb.CMPR4
Evb.CMPR5
Evb.CMPR6
Event Manager A (Eva) Event Manager B (Evb)
S/H
2fC
S/H
2fC
S/H
2fC
S/H
2fC
S/H
2fC
S/H
2fCcarA carB
max
min
 
Figure 9.4. Illustrative representation of the general event manager configuration. 
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validations since the semi-bridge topologies investigated are all inherently 
shoot-through-free structures. 
 As an example, Fig. 9.5 shows the waveforms for the general event manager 
configuration operated with the same fundamental sinusoidal modulation command m 
applied to all compare structures, for modulation depth 0.9M ? , carrier to 
fundamental frequency pulse ratio / 8,C Op f f? ?  and EVB carrier phase-shifted 
from EVA carrier by 90 .o? ?  
 More specifically Fig. 9.5(a) shows the EVA carrier, modulation command m, 
EVA compare register CMPR1, and PMW1 output switched pattern. From this figure, 
the Eva.CMPR1 register value is always equal to the modulation command m, a half 
carrier period earlier. In addition, the PWM1 output value results from the comparison 
(a)
  
(b)
  
Figure 9.5. Waveforms for the general event manager structure operated with the 
same fundamental sinusoidal modulation command m applied to all compare 
structures and EVB carrier phase-shifted by 90
o
 from EVA carrier (M = 0.9, 
p = fC/fO = 8): (a) carrier A, modulation command m, compare register Eva.CMPR1, 
and PMW1 output, and (b) carrier B, modulation command m, compare register 
Evb.CMPR4, and PMW7 output. 
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of the Eva.CMPR1 register value with the EVA carrier value. A similar process 
happens in Fig. 9.5(b), which shows the EVB carrier, modulation command m, EVB 
compare register CMPR4, and PMW7 output switched pattern. 
 The ADC module is setup to operate in synchronism with the event manager 
module. An ADC conversion start occurs at every period and underflow event of each 
EV timer, and the end of each ADC conversion triggers the EV interrupt. 
 The 16 ADC channels are configured into two independent 8-channel banks 
with individual S/H structures. The conversions on each of these banks are configured 
to occur sequentially, and the conversions between the banks are interleaved, 
enabling one conversion to start before the previous one has been completed. This 
pipelining process enables the overall conversion time to be reduced. The ADC has a 
fast conversion rate, namely 80 ns @ 25 MHz ADC clock. Although each one of the 
8-channel modules has its own S/H structure, there is only one ADC converter per 
bank. 
9.1.4. DA2810 Controller Card 
 The 2810 DSP is enclosed within the CPT-DA2810 controller card. Figure 9.6 
shows a functional block diagram of this controller card, which provides a flexible 
interface between the 2810 DSP, the subsequent cards and motherboards, and the 
software programmer. 
 As indicated in Fig. 9.6, this controller card contains all necessary auxiliary 
circuitry for DSP functionality, such as regulated power supply, analog inputs 
conditioning and protection, digital signals buffering, on-board flash memory, and 
suitable physical connections for chip programming and serial communications 
(RS-232 and SPI). 
9.1.5. Mini2810 Controller Card 
 The CPT-Mini2810 controller card acts as a flexible configurable interface 
between the CPT-DA2810 controller card and the CPT-E13 or CPT-GIIB controller 
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motherboards. The card is based on the Altera MAX II EPM570T100C5N Electronic 
Programmable Logic Device / Complex Programmable Logic Device (EPLD/CPLD). 
 This interface card also broadens the system functionalities, offering four 12-bit 
digital-to-analog converter (DAC) outputs each conditioned to produce a 10V?  
bipolar voltage. However, the experimental validations in this thesis did not require 
the use of these DAC outputs. 
 Figure 9.7 shows a functional block diagram of the CPT-Mini2810 card, which 
offers on-board regulated power supplies, analog inputs and outputs conditioning, 
digital inputs buffering, digital outputs latching, and an Intel’s iSBX compatible 
MiniBus interface for input/output (I/O) expansion. 
 In this work, the digital outputs on the digital I/O connector available in this 
card were configured to operate as PWM signals sourced from the event manager B 
on the CPT-DA2810 interface. 
 
Figure 9.6. Functional block diagram of the CPT-DA2810 controller card [133]. 
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9.1.6. GIIB Controller Motherboard 
 Figure 9.8 shows a functional block diagram of the CPT-GIIB controller 
motherboard, a flexible low voltage four phase leg power converter controller used in 
conjunction with the CPT-Mini2810 and CPT-DA2810 controller cards. The sections 
of this controller motherboard utilised in this work are described below. 
?Gate Drives: Eight isolated gate drive PWM outputs with common fault interrupt 
(the eight fault signals shown in Fig. 9.8 are ANDed together to form a single fault 
interrupt signal). Up to four of these gate drives were used to command the IGBT 
switches on the RMIT-U01 and RMIT-FC power stage boards. 
?Serial Ports: One isolated RS-232 and one non-isolated SPI. The isolated RS-232 
serial port was utilised to communicate with a laptop that acts as a human machine 
interface (HMI) for the system. 
?Analog Inputs: One on-board analog voltage generator and 15 analog inputs for AC 
and DC current and voltage measurements, each with individual conditioning and 
protection circuitry. Three of these analog inputs were used in this work. 
 
Figure 9.7. Functional block diagram of the CPT-Mini2810 controller card [134]. 
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?Digital Inputs: Eight buffered digital inputs with on-board DIP switches. These 
inputs were used for debugging purposes. 
?Digital Outputs: Two MOSFET-driven latched digital outputs and eight latched 
digital outputs with on-board LED indicators. The digital outputs were used for 
debugging purposes. 
?I/O Expansion: Eight-bit Minibus interface (Intel’s iSBX compatible). 
?Power Supply: Isolated switch-mode power supply, which generates all necessary 
on-board voltages, and provides three isolated off-board voltages, two of them 
regulated for the LEM current transducers, and one unregulated for field supply. 
 In this work the PWM signals sourced from the event manager B were fed to 
the ancillary gate driver board CPT-E10, which was used in conjunction with the 
CPT-GIIB controller motherboard. 
 Figure 9.9 shows a functional block diagram of the CPT-E10 board, which 
contains six isolated gate drivers with common fault signal (the six fault signals 
shown in Fig. 9.9 are ANDed together and the resulting signal is available on the I/O 
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Figure 9.8. Functional block diagram of the CPT-GIIB controller motherboard. 
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interface connection). Up to four of these gate drives were used to command the 
IGBT power switches on the RMIT-U01 and RMIT-FC power stage boards. 
9.1.7. CPT-E13 Controller Motherboard 
 The CPT-E13 board is an alternative controller motherboard to the CPT-GIIB. 
The CPT-DA2810 controller card is directly mounted on the CPT-E13 motherboard, 
which excludes the need for the intermediate CPT-Mini2810 controller card. 
 Figure 9.10 shows a functional block diagram of the CPT-E13 board, and the 
sections of this controller motherboard utilised in this work are described below. 
?Gate Drives: Eight isolated gate drive PWM outputs with common fault interrupt, 
four sourced from the event manager A and four sourced from the event manager B. 
The EVB gate drives were used to command the IGBT switches on the RMIT-U01 
power stage board. 
?Serial Ports: One isolated RS-232, utilised to communicate with the HMI laptop. 
?Analog Inputs: Ten analog inputs for AC and DC current and voltage 
measurements, each with individual conditioning and protection circuitry. Three of 
these inputs were used in this work. 
?Digital Inputs: Two isolated digital inputs, four on-board DIP switches, and one 
on-board tact-switch. The isolated digital inputs were used for debugging purposes. 
Isolated Gate Drivers
AL AU BL BU CL CU
command fault
6 6
I/O Interface
 
Figure 9.9. Functional block diagram of the CPT-E10 gate driver board. 
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?Digital Outputs: Five isolated digital outputs, three MOSFET-driven and two 
relay-driven, and four on-board LED indicators. The LED indicators were used for 
debugging purposes. 
?Power Supply: Isolated switch-mode power supply, which generates all necessary 
on-board voltages, and provides two isolated and regulated off-board voltages for the 
LEM current transducers. 
9.2. Software Building Blocks 
 The DSP code running in the control unit of the experimental validations in this 
thesis was built upon a basic software kernel, written by previous PEG postgraduate 
students and the CPT engineers. This basic kernel contains serial communication, 
ADCs reading, open-loop modulator, and user interface. 
 The code performs tasks organised into two categories: interrupt-driven 
foreground tasks and low-priority background tasks. 
EVA Isolated Gate Drivers EVB Isolated Gate Drivers
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Figure 9.10. Functional block diagram of the CPT-E13 controller motherboard. 
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 The foreground tasks implement the closed-loop regulator and PWM 
modulator, while the background tasks have the purpose of interacting with the HMI 
operator via the serial communication port. The processing of the continuous-loop 
background tasks are periodically interrupted for the execution of the time-critical 
foreground tasks. 
9.2.1. Foreground Tasks 
 The elementary tasks of the foreground software are reading the analog input, 
grid voltage synchronisation (for rectifier implementations), sinusoidal pattern 
generation, feed-forward and feedback control action calculations, and PWM 
command updates. 
 In addition, this software structure performs system protection tasks such as fast 
PWM disabling in case of a gate drive fault, over-current, or over-voltage conditions. 
The computations use a mixture of floating-point and fixed-point arithmetic, 
depending on the interrupt timing requirements. 
 The sinusoidal pattern required for the current controller reference is produced 
from a sine wave look-up table stored in the DSP program memory. A phase counter 
is used as the pointer to the sine table. This phase counter is allowed to wrap-around 
and is incremented at every interrupt. The reference value is then extracted from the 
sine table using the phase counter as a pointer. The amount that the phase counter is 
incremented at each interrupt step defines the fundamental reference frequency and 
consequently the pulse ratio of the modulation process. 
9.2.2. Background Tasks 
 The background code is executed in a continuous-loop, using the processing 
time that is remaining after the interrupt software has executed the foreground tasks, 
until a new interrupt occurs. 
 Its tasks relate primarily to interactions with the HMI operator and allow 
real-time variation of system parameters, such as closed-loop controller reference 
magnitude, grid voltage synchronisation fine-trimming, among others. The reading of 
 Chapter 9. Description of the Experimental Systems 
200 
the current state of these parameters and their alteration is facilitated by the serial 
connection to the HMI laptop computer. 
9.2.3. Debugging Tasks 
 In addition to the foreground and background tasks for the normal system 
functioning, a set of software building blocks ? located partly in the interrupt 
foreground code and partly in the background code ? was built upon a basic routine 
developed by CPT engineers to investigate software implementation errors in 
real-time. 
 This software structure allows the periodic reading of a set of internal variables 
of interest. These variables are read at every interrupt routine execution (or optionally 
at every n interrupt occurrences). The variables chosen for inspection are stored in the 
DSP data memory using an array structure, for later reading by the HMI operator via 
the serial communication link. The start of a storage process can be triggered by a 
serial command from the HMI operator or by a specific system event, such as a 
grid-voltage or current reference zero-crossing. 
9.3. Application Specific Hardware/Software Systems 
 The previous sections have presented a series of general purpose hardware 
(HW) and software (SW) building blocks, and have provided an overview of all 
power stage structures, controller cards, and motherboards adopted in this work. 
 This section now describes the four application specific systems used in the 
experimental validation process. The exact HW/SW building blocks, their structural 
interconnections, and the SW foreground and background tasks employed in each one 
of these four experimental structures are presented. 
9.3.1. System #1: Single-Phase Semi-Bridge Rectifier 
 System #1 shown in Fig. 9.11 was used to experimentally validate the 
theoretical intrinsic operating limits of the single-phase semi-bridge rectifiers 
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introduced in Chapter 3. This system implements a single-phase common-emitter 
semi-bridge rectifier, and is formed by a galvanically isolated grid-connected 
programmable AC source, a configurable inductor bank, a reduced RMIT-U01 power 
stage board, a CPT-E13 controller motherboard with its on-board CPT-DA2810 
controller card, a configurable resistor bank, and a HMI laptop computer. 
 The reduced RMIT-U01 power stage board is achieved by removing link 
3J  
from the general board structure shown in Fig. 9.1. This separates the unused input 
rectifier stage from the two H-bridge converters. Although only one H-bridge is 
utilised, the links 
1J  and 2J  are retained to allow the full use of the DC-link 
capacitance. 
 The system analog signals AC voltage ,ACv  input current ,Ai  and DC-link 
output voltage 
DCv  are mapped to the CPT-E13 analog inputs 2 ,ACv  1,ACi  and 2 ,DCv  
respectively. 
 The RMIT-U01 gate signals 
1,As  2 ,As  1,Bs  and 2Bs  are respectively routed to 
the CPT-E13 gate drive outputs ,CU  ,CL  ,DU  and ,DL  all originated from Event 
Manager B of the 2810 DSP. The CPT-E13 isolated serial port is used to 
communicate with the HMI laptop, which also has an isolated serial link to the 
programmable AC source. 
 The programmable AC source is a California Instruments single- or three-phase 
AC and DC power source model MX30-3Pi [135], setup to operate as a single-phase 
AC system providing a precise output voltage with very low distortion (measured 
THD = 0.2%). The inductor and resistor banks are custom built equipment available 
within the Power Electronics Laboratory of RMIT University. 
 The HMI laptop has the California Instruments MXGui software to 
conveniently perform the waveform configurations and remotely operate the 
MX30-3Pi source, and the open-source terminal program Tera Term [136] to allow 
the user interaction with the power converter system. 
 The event manager module of the 2810 DSP is configured to function according 
to the illustrative structure shown in Fig. 9.12. In this arrangement only the EVB is 
used and the PWM outputs are defined as shown in Fig. 9.12. 
 Chapter 9. Description of the Experimental Systems 
202 
G
ri
d
P
ro
g
ra
m
m
ab
le
A
C
 S
o
u
rc
e
In
d
u
c
to
r
B
a
n
k
R
e
si
st
o
r
B
a
n
k
L N
L
a
p
to
p
co
m
m
v A
C
2
co
m
m
s D
1
s C
1
i C
s B
1
i A
C
2
C
1
s A
1
s D
2
s C
2
s B
2
s A
2
S
1
S
2
S
3
S
4
S
5
S
6
S
7
S
8
R
1
R
2
i B
J 1 J 2
v D
C
1
v D
C
2
T
1
T
2
T
3
T
4
T
5
T
6
T
7
T
1
1
T
1
2
T
1
3
T
1
4
C
P
T
-E
1
3
 C
o
n
tr
o
ll
e
r 
M
o
th
er
b
o
ar
d
C
P
T
-D
A
2
8
1
0
C
o
n
tr
o
ll
e
r 
C
ar
d
R
M
IT
-U
0
1
 P
o
w
er
 S
ta
g
e 
B
o
a
rd
v D
C
1
i A
s A
2
s A
1
s B
2
s B
1
v D
C
3
i A
C
1
C
L
C
U
D
L
D
U
 
Figure 9.11. Diagram of the experimental system #1, which implements a 
single-phase common-emitter semi-bridge rectifier. 
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 The PWM outputs CU  and DU  are setup to forced-low via the action control 
register ACTRB to keep the upper active switches 
1S  and 3S  always off. The EVA 
is disabled and its PWM outputs are configured to forced-low via the action control 
register ACTRA to safely maintain the power switches 
5S  through to 8S  always off. 
 The foreground tasks for this specific system are as follows. 
?Analogs Reading: The ADC registers containing the A/D conversion result of the 
analog inputs 
2 ,ACv  1,ACi  and 2 ,DCv  are all read. The results for 2 ,ACv  and 2DCv  are 
digitally filtered, and the absolute value (module) of the results for 
2ACv  and 1ACi  are 
calculated. 
?Synchronisation: The phase counter used to access the look-up sine table is 
adjusted to synchronise the sinusoidal pattern with the grid voltage. 
?Sinusoidal Pattern Update: The phase counter that points to the sine look-up table 
is incremented and the table is accessed to retrieve the sinusoidal pattern value. The 
magnitude of the retrieved sinusoidal pattern value is calculated. 
?DC-Bus Voltage Control: The proportional and integral control actions of the bus 
voltage controller are calculated. 
?Input Current Control: The feed-forward control action and the proportional and 
integral feedback control actions of the input current controller are calculated using 
the grid voltage and input current. 
?PWM Command: The modulation command is calculated and the EV registers are 
loaded. 
CU
CL
DU
DL
Event Manager B (Evb)
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Evb.CMPR5
S/H
2fC
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2fC
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Figure 9.12. Event manager configuration for system #1. 
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 The background tasks for this system essentially relate to the power converter 
interaction with the HMI operator for real-time monitoring and variation of system 
parameters. 
 For a complete listing of the DSP software of the experimental system #1 
consult Appendix C. 
9.3.2. System #2: Single-Phase Flying-Capacitor Semi-Bridge Rectifier 
 Figure 9.13 shows the circuit diagram of system #2, conceived to 
experimentally validate the PWM and closed-loop current control of the multilevel 
topology introduced in Chapter 4, i.e. the single-phase five-level flying-capacitor 
low-side semi-bridge rectifier. 
 The system is formed by a single-phase variac connected to the grid through an 
1.2 kVA isolation transformer, a single filter inductor ,BL  two RMIT-FC power stage 
boards, a CPT-GIIB controller motherboard with its on-board CPT-Mini2810 and 
CPT-DA2810 controller cards, a CPT-E10 gate driver board, a DC-link capacitor 
BUSC  with its discharge resistor 4 ,R  a configurable resistor bank, and a HMI laptop 
computer. 
 Only the two inner flying-capacitor switching cells of each of the RMIT-FC 
power stage boards are utilised, and the two boards are connected in parallel using 
links 
3J  and 4J . These two boards are also connected in parallel with the DC-link 
capacitor 
BUSC , discharge resistor 4 ,R  and configurable load bank, via links 1J  and 
2.J  The incoming supply is connected to the two phase leg output terminals 1AT  and 
1BT . The gate-emitter junction of the power switches 1 ,AS  2 ,AS  7 ,AS  8 ,AS  1 ,BS  2 ,BS  
7 ,BS  and 8BS  are individually linked to safely maintain these devices always off. 
 The AC input voltage and current and the DC-link output voltage are mapped to 
the CPT-GIIB analog inputs 
1,ACv  2 ,i  and 1,DCv  respectively. The gate signals 6As  
and 
6Bs  are respectively routed to the CPT-GIIB gate drive outputs AL  and ,BL  and 
the gate signals 
5As  and 5Bs  are mapped to the CPT-E10 gate drive outputs AL  and 
,BL  respectively. The CPT-GIIB isolated serial port is utilised to communicate with 
the HMI laptop using the Tera Term terminal software. 
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Figure 9.13. Diagram of the experimental system #2, which implements a 
single-phase five-level flying-capacitor low-side semi-bridge rectifier. 
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 Figure 9.14 shows a representative structure of the EV module configuration for 
this system. The EVB carrier is setup 180
o
 phase-shifted in relation to the EVA 
carrier, and the unused upper PWM outputs of both event managers are configured to 
forced-low via their respective action registers. For this system, the gate-emitter of 
the upper power switches of each phase leg, namely 
3 ,AS  4 ,AS  3 ,BS  and 4BS , are all 
individually linked to safely maintain these devices always off, instead of using the 
upper gate drive outputs. 
 The foreground tasks for this system are as follows. 
?Analogs Reading: The ADC registers containing the A/D conversion result of the 
analog inputs 
1,ACv  2 ,i  and 1DCv  are all read, and the results for 1ACv  and 1DCv  are 
digitally filtered. 
?Synchronisation: Same as for the experimental system #1. 
?Sinusoidal Pattern Update: The phase counter that points to the sine look-up table 
is incremented and the table is accessed to retrieve the sinusoidal pattern value. 
?DC-Bus Voltage Control: Same as for the experimental system #1. 
?Input Current Control: The feed-forward control action and the proportional and 
integral feedback control actions of the input current controller are calculated. 
?PWM Command: The modulation command for each phase leg is calculated and 
these commands are modified so that they each intersect the carriers during opposite 
halves of the fundamental cycle. The modified commands are then loaded to the 
respective EV registers. 
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Figure 9.14. Event manager configuration for system #2. 
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 The background tasks define the interaction between HMI operator and power 
converter controller. For a complete listing of the DSP software of experimental 
system #2 consult Appendix D. 
9.3.3. System #3: Two-Cell Semi-Bridge Rectifier Phase Leg 
 System #3 shown in Fig. 9.15 was used to experimentally validate the PWM 
and closed-loop current control of the multilevel topology introduced in Chapter 5 
and implements a two-cell interleaved semi-bridge rectifier phase leg. 
 In this structure a single-phase variac is directly connected to the grid to feed 
one of the phases of a 15 kVA three-phase isolation transformer. The transformer 
secondaries are each connected to a filter inductor to supply the two individual 
H-bridges of a RMIT-U01 power stage board. The DC-link of each H-bridge feeds an 
individual configurable resistor bank. 
 The links 
1,J  2 ,J  and 3J  of RMIT-U01 board are removed to separate the 
unused input rectifier stage from the two H-bridge converters, and to maintain the two 
H-bridges operating separately and isolated from each other. 
 The system is controlled by a GIIB | Mini2810 | DA2810 controller 
arrangement that has its EVB PWM outputs routed to an E10 gate driver board, and 
which communicates with a HMI laptop. 
 The primary-side voltage and the input current and DC-link output voltage of 
the H-bridge formed by the phase legs A and B are mapped to the CPT-GIIB analog 
inputs 
2 ,ACv  2 ,i  and 1,DCv  respectively. 
 The gate signals of the H-bridge formed by the phase legs A and B are routed to 
the CPT-GIIB gate drive outputs and the gate signals of the H-bridge composed by 
the phase legs C and D are mapped to the CPT-E10 gate drive outputs. The 
CPT-GIIB isolated serial port is connected to the HMI laptop. 
 The EV module configuration for this system is the same as for system #2, and 
its foreground and background tasks are very similar to the tasks for system #2. For a 
complete listing of the DSP software for system #3 consult Appendix E. 
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Figure 9.15. Diagram of the experimental system #3, which implements a two-cell 
common-emitter semi-bridge rectifier phase leg feeding two resistive loads. 
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9.3.4. System #4: Single-Cell Reduced FC Converter Phase Leg 
 Figure 9.16 shows the circuit diagram of system #4, used to experimentally 
validate the PWM and closed-loop current control of the multilevel coupled-inductor 
topology introduced in Chapters 6 and 7, namely the single-cell five-level RFC 
converter phase leg. 
 The system is composed of two parallel RMIT-FC power stage boards 
connected in parallel to a DC-link capacitor 
BUSC  and discharge resistor 4 ,R  two 
series arranged DC supplies connected to the DC-link terminals via links 
1J  and 2 ,J  
a coupled-inductor connected to the phase leg outputs 
1AT  and 1BT , and a RL load 
connected between the coupled-inductor and DC source mid-points. 
 As for system #2, only the two inner flying-capacitor switching cells of each 
one of the RMIT-FC power stage boards are utilised, and the gate-emitter junctions of 
power switches 
1 ,AS  2 ,AS  7 ,AS  8 ,AS  1 ,BS  2 ,BS  7 ,BS  and 8BS  are individually linked 
to safely maintain these devices always off. 
 The arrangement is controlled by a GIIB | Mini2810 | DA2810 | E10 control 
structure that communicates serially with a HMI laptop. The coupled-inductor 
winding currents 
Ai  and Bi  are conveniently measured using a single transducer that 
reads the sum of 
Ai  and .Bi  A further current transducer measures the load output 
current .Oi  
 The outputs of these two current transducers are mapped to the CPT-GIIB 
analog inputs 
3i  and 1,i  respectively. The gate signals for the phase legs A and B are 
routed to the CPT-GIIB gate drive outputs, and the gate signals for the phase legs C 
and D are routed to the CPT-E10 gate drive outputs, as shown in Fig. 9.16. 
 For this system, the EVB carrier is setup ?90o phase-shifted in relation to the 
EVA carrier, and the EVA PWM outputs AL  and BU  as well as the EVB PWM 
outputs AU  and BL  are all configured to forced-low via their respective action 
registers, as shown in Fig. 9.17. 
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Figure 9.16. Diagram of the experimental system #4, which implements a single-cell 
five-level reduced flying-capacitor (RFC) converter phase leg. 
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 The foreground tasks for this system are as follows. 
?Analogs Reading: The ADC registers containing the A/D conversion result of the 
analog inputs 
1i  and 3i  are read. The result for 3i  is right-shifted by 1 (>>1) to 
effectively divide its value by 2, and the average of the last two samples of 
3 / 2i  is 
calculated to further improve the common-mode ripple current mitigation. 
?Sinusoidal Pattern Update: Same as for experimental systems #1, #2, and #3. 
?Differential-Mode (Output) Current Control: The proportional plus resonant 
feedback control actions of the differential-mode current controller are calculated. 
?Common-Mode Current Control: The proportional and integral feedback control 
actions of the common-mode current controller are calculated. 
?PWM Command: The modulation command for each phase leg is calculated and 
loaded to the respective EV registers. 
 The background tasks relate to the interaction between HMI operator and power 
converter controller. For a complete listing of the DSP software of the experimental 
system #4 consult Appendix F. 
9.4. Summary 
 This chapter has presented the set of general purpose HW and SW building 
blocks utilised in this work and has described the application specific systems 
employed for each one of four experimental validations performed in this thesis. 
AU
AL
BU
BL
period
fC ? ????
AU
AL
BU
BL
Eva.CMPR1
Eva.CMPR2
Evb.CMPR4
Evb.CMPR5
period?
Event Manager A (Eva) Event Manager B (Evb)
 
Figure 9.17. Event manager configuration for system #4. 
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 The features and interconnections of the HW building blocks used on each 
experimental system have been discussed in detail, and an overview of the SW 
foreground and background tasks implemented in these systems has been presented. 
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Chapter 10  
Conclusions 
 Since their introduction by Mitchell nearly thirty years ago, semi-bridge 
converters have received increasing attention from researchers of academy and 
industry. Essentially the drive for using this family of converters is their good balance 
between cost and performance, a trade-off that is always present in engineering, and 
particularly in power electronics. Although there is a considerable body of knowledge 
relating to these converters, the research to date has not adequately addressed all the 
issues concerning their operation and generalisation. Specifically there is still 
unfinished work on how to precisely quantify the operating limits of these inherently 
unidirectional converters, and on how to extend these limits. 
 The contributions of this thesis to this field of investigation are two-fold. 
Firstly, the work precisely determines the performance limits of semi-bridge 
converters, moving from an idealised perspective to a scenario which incorporates 
practical second-order effects. Secondly, the research introduces three novel 
semi-bridge multilevel architectures, which perform substantially better than standard 
two-level semi-bridges in a series of aspects. 
 This chapter summarises the main findings of this research, and identifies 
possible avenues for further work. 
10.1. Summary of Work 
 The contributions of this work can be classified into three major areas. These 
areas and their related findings are as follows. 
 Chapter 9. Conclusions 
214 
10.1.1. Intrinsic Operating Limits of Semi-Bridge Converters 
This thesis has provided a comprehensive analysis of operating limits of 
single-phase two-level semi-bridge rectifiers. These limits arise essentially because of 
unidirectional capability of this topology. This inherently limited operation generates 
a cusp-shape zero-crossing input current distortion when the converter operates in 
continuous conduction mode (CCM), and discontinuous conduction mode (DCM) in 
the vicinity of the zero-crossing region when the filter inductance is not sufficiently 
large to maintain fully-CCM operation. 
An analytical solution for the grid current during CCM operation has been 
developed. This mathematical expression accounts for relevant practical second-order 
effects, namely grid voltage harmonics and semiconductor device voltage-drops, and 
precisely describes the input current wave shape for any practical setting. 
This solution was used to determine the theoretical minimum input current total 
harmonic distortion (THD) of this topology, as converter parameters and operating 
conditions are varied. The boost filter inductance was adopted as the main 
independent parameter, since the grid current THD of a semi-bridge is substantially 
affected by this inductance value. The quantification was done on a per-unit basis, 
generalising the results and conclusions. In summary, the work has shown that: a) 
in-phase grid harmonics can reduce the minimum theoretical input current THD, b) 
out-of-phase grid harmonics and semiconductor device voltage-drops increase the 
THD, and c) the line resistance plays little influence. Furthermore, the research has 
highlighted that the theoretical minimum THD is easily achievable in practice, using 
a simple proportional-integral (PI) current controller with feed-forward compensation 
of the grid back-emf voltage. 
The scope of the investigation was then broadened to evaluate how the cusp 
CCM effect and partial-DCM operation affect the input current THD as the pu filter 
inductance is varied. From this relationship an optimal inductance for minimal overall 
distortion has been identified. This analysis has indicated that for a given pulse ratio 
(i.e. the carrier to fundamental frequency ratio), the choice of filter inductance of a 
semi-bridge requires a trade-off between cusp and DCM distortions. The use of a 
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large inductance to always operate in CCM generates substantial cusp distortion. On 
the other hand, a small inductance results in negligible cusp, but may produce large 
low-order harmonics because of partial-DCM operation. 
Lastly, the study has identified the substantial influence that input power factor 
has on the input current THD. The understanding of this effect has practical relevance 
because while an idealised unity power factor condition requires perfect synchronism 
between grid voltage and input current, feasible synchronisation approaches 
invariably lead to some small deviation from this ideal scenario. 
10.1.2. Multilevel Semi-Bridge Converters 
This thesis has introduced two novel multilevel semi-bridge converter 
architectures. The first arrangement is a single-phase semi-bridge five-level rectifier 
based on the flying-capacitor (FC) converter. Compared to its two-level counterpart, 
this new multilevel converter offers the ability to reduce the filter inductance up to a 
factor of four. This is particularly relevant for a semi-bridge since its input current 
baseband harmonic performance is inversely proportional to the size of the filter 
inductance. This FC semi-bridge topology also allows lower voltage rating devices to 
be used, with a consequential improvement in converter efficiency. 
The second arrangement is a front-end rectifier for cascaded H-bridge 
multilevel converters which uses single-phase interleaved multicell common-emitter 
semi-bridges. This new structure substantially reduces the primary-side input current 
switching ripple, by enabling the cancellation of secondary-side current switching 
harmonics. In addition, the arrangement offers superior efficiency compared to the 
single-phase boost PFC rectifier. 
For both topologies, the most effective PWM technique for the correct carrier 
harmonic cancelling has been identified and confirmed, and a cascaded control 
system with synchronous sampling of DC-link voltage at the fundamental frequency 
has been proposed to manage the rectification process. The work has also shown that 
when the rectifier load is a CHB inverter switched with PSC-PWM, the topology can 
 Chapter 9. Conclusions 
216 
be controlled using a simpler strategy that regulates only one semi-bridge DC-link 
voltage. 
10.1.3. Magnetically-Coupled Semi-Bridges 
 This research work has identified that two recently reported 
magnetically-coupled half-bridge and NPC multilevel inverters, both formed by the 
inclusion of a coupled-inductor into the phase leg between the upper and lower 
switching devices, are in fact the parallel connection of two complementary 
semi-bridge phase legs linked by a coupled-inductor. The recognition of this 
topological origin offers a series of benefits. 
 Firstly, it has allowed the development of a third member of this class of 
inverters, based on the FC converter architecture. Secondly, it has indicated that for 
IGBT-based applications, unnecessary diodes can be removed from these reduced 
topologies, minimizing their silicon device count to exactly match their full-bridge 
counterparts. Thirdly, it has suggested that the wealth of PWM knowledge relating to 
the origin multilevel inverter topologies can be easily extended to these 
magnetically-coupled topological structures. 
 After mastering the underlying principles of this family of coupled-inductor 
semi-bridge converters, the work has generated two further outcomes. The first is the 
development of a simplified common-mode and differential-mode converter model 
for these reduced architectures, which has allowed the definition of the phase-shifted 
carrier PWM requirements for each of these three structural arrangements. 
 The second is the formalisation of a current regulation strategy specifically 
developed for coupled-inductor multilevel inverters. In this approach, the tasks of 
common-mode DC bias current regulation and differential-mode AC output load 
current regulation are performed by two independent feedback loops. The regulators 
are designed to achieve the same maximum closed-loop bandwidth, which ensures the 
dynamical fulfillment of the essential requirement for CCM operation of the 
coupled-inductor winding currents, as is required with these reduced topological 
architectures. 
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 Lastly, the work has highlighted that the inclusion of semi-bridge structures into 
this larger structural arrangement overcomes the inherent topological limitation of 
these converters, broadening its use for applications requiring the operation at any 
power factor. 
10.2. Further Research 
 While this investigation work has helped to quantify the operating limits of 
semi-bridge converters, and to expand this class of topologically reduced converters, 
there is still scope for further research in this area. 
 The potential use of semi-bridge converters for higher power applications 
indicates that the extension of analysis of their intrinsic limits, now also accounting 
for very low pulse ratios, is a relevant theme for future investigation. Another clear 
field for further work is the confirmation that the findings related to the three novel 
multilevel architectures presented in Chapter 4, Chapter 5, and Chapter 6, also hold 
for a higher number of voltage levels. These topologies were all validated on 
five-level systems. While in principle their extension to more levels is 
straightforward, this surely requires additional validation. 
 The natural balancing of the flying-capacitor voltages on the single-phase 
five-level FC semi-bridge rectifier architecture presented in Chapter 4 was assisted by 
a passive series balance-boost notch filter, connected between the phase legs and 
tuned to the first carrier group harmonics. Although simple, this approach limits the 
maximum achievable converter efficiency. Evidently, the use of active filtering 
strategies in replacement of this passive circuitry is a path for further research. 
 The interleaved multicell common-emitter semi-bridge rectifier and the 
coupled-inductor reduced flying-capacitor inverter presented respectively in Chapter 
5 and Chapter 6, were validated on converter phase leg systems. The extension of 
these two topologies to operate with multiple phase legs (i.e. single-phase and 
three-phase systems) remains open for further confirmation. Furthermore, the 
application of simplified control scheme of the interleaved multicell common-emitter 
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semi-bridge rectifier on cells with significantly different losses (for example hybrid 
topologies with dissimilar H-bridges) is an interesting theme for further investigation. 
 The phase-shifted carrier PWM requirements for each of the three 
coupled-inductor semi-bridge converters have been defined in Chapter 6. This 
modulation technique provides optimal harmonic performance for single and 
two-phase systems, but is sub-optimal on a three-phase scenario. For this context, 
level-shifted PD technique achieves a superior performance. Hence the extension of 
PD modulation to incorporate the common-mode current management is an obvious 
direction still to investigate. 
 Also for three-phase magnetically–coupled systems, the use of a three-limb core 
to replace the three individual cores allows DC flux cancelling and significantly 
smaller core size. However this approach requires the management of the interplay of 
flux in a three-limb core. The modulation approaches proposed to date were 
conceived from a time domain perspective. The harmonic decomposition of the 
switched pattern generated from a specific modulation strategy can potentially 
provide a wiser understanding of how the magnetic flux components interact, and 
pave the way to a better solution. 
10.3. Closure 
 The semi-bridge converter family offers an attractive compromise between cost 
and performance. This has driven the efforts to achieve a deeper and broader 
understanding of this class of converters. Although well-developed, the research to 
date has left open a series of issues concerning the operation and generalisation of 
these topologically reduced arrangements. Evidently, this limits their applicability. 
 This thesis has presented a comprehensive analysis of the intrinsic operating 
limits of two-level semi-bridge converters, providing a clear profile as to how well 
this topology performs for any given practical setting. The work has also introduced 
three novel multilevel semi-bridge arrangements which enhance the performance of 
this family of converters, opening the possibility for its use on a broader number of 
applications. 
 219 
Appendix A 
Selected Matlab Scripts 
 This appendix provides a selected group of MATLAB scripts developed for this 
research. A brief description of each script is given before the actual script code is 
presented. 
A.1. Theoretical Input Current Calculation 
 This MATLAB script was developed to conveniently calculate the time varying 
analytical solution for the input current of a semi-bridge rectifier given a set of 
converter parameters and operating conditions. 
 
% TimeVaryingAnalyticalInputCurrent_Rev4.m 
% =================================================================== 
 
clear all; 
close all; 
clc; 
disp('Working...'); 
 
% supply voltage data reading and FFT calculation 
in = load('eS_8mH.txt'); 
v = in(:,2); 
N = length(v); % number of points 
 
Ts = 2.5e-7; % sampling time 
Fs = 1/Ts; % sampling frequency 
T = Ts*N; % period 
 
V = fft(v)*2/N; % FFT 
ModV = abs(V); % module 
PhaseV = angle(V); % phase 
 
Eo = ModV(1); 
for k = 2:17 
    E(k-1) = ModV(k); 
    P(k-1) = PhaseV(k) + pi/2;     
end 
 
np = 80000; % number of points 
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f = 50; 
T = 1/f; 
w = 2*pi*f; 
R = 100e-3; 
L = 8e-3*1; 
 
Vd = 3.6; 
 
iref_dcoffset = 0;  
icusp_dcoffset = 0; 
iref_phase_shift = 1; 
 
Ipk = 9.47861005; 
 
dt = T/np; 
 
% iin = iin_dc + iin_ss + iin_tr, where iin_dc is the dc_offset, iin_ss is 
% the steady state and iin_tr is the transient 
 
% positive semi-cycle 
 
t = 0; 
 
for i = 1:np/2 
     
    icusp_dc(i) = -Vd/R + Eo/R; 
     
    t = t + dt;  
    icusp_ss(i) = 0; 
    icusp_tr(i) = (Vd/R - Eo/R)*exp(-R*t/L); 
     
    for k = 1:16 
        icusp_ss(i) = icusp_ss(i) + E(k)*(R*sin(k*w*t + P(k))-k*w*L*cos(k*w*t + 
P(k)))/(R^2+(k*w*L)^2); 
        icusp_tr(i) = icusp_tr(i) + E(k)*(k*w*L*cos(P(k)) - 
R*sin(P(k)))/(R^2+(k*w*L)^2)*exp(-R*t/L);  
    end  
     
    icusp(i) = icusp_dc(i) + icusp_ss(i) + icusp_tr(i) + icusp_dcoffset; 
    iref(i) = Ipk*sin(w*t + iref_phase_shift*pi/180) + iref_dcoffset; 
    iin(i) = min(icusp(i),iref(i)); 
     
    if(iin(i) < 0) iin(i) = 0; end 
      
end 
 
% negative semi-cycle 
 
t = 0.01; 
 
Vd = 3.6*2; 
 
 
for i = (np/2+1):np 
 
    icusp_dc(i) = Vd/R + Eo/R; 
     
    t = t + dt;  
    icusp_ss(i) = 0; 
    icusp_tr(i) = (-Vd/R - Eo/R)*exp(R*0.01/L)*exp(-R*(t)/L);     
     
    for k = 1:16 
        icusp_ss(i) = icusp_ss(i) + E(k)*(R*sin(k*w*t + P(k))-k*w*L*cos(k*w*t + 
P(k)))/(R^2+(k*w*L)^2); 
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        icusp_tr(i) = icusp_tr(i) + E(k)*(k*w*L*cos(P(k) + k*pi) - R*sin(P(k) + 
k*pi))/(R^2+(k*w*L)^2)*exp(R*0.01/L)*exp(-R*(t)/L);          
    end  
     
    icusp(i) = icusp_dc(i) + icusp_ss(i) + icusp_tr(i) + icusp_dcoffset; 
    iref(i) = Ipk*sin(w*t + iref_phase_shift*pi/180) + iref_dcoffset; 
    iin(i) = max(icusp(i),iref(i)); 
     
    if(iin(i) > 0) iin(i) = 0; end 
      
end 
 
t = linspace(0,T,np); 
 
fid = fopen('iin_8mH_the.txt', 'w'); 
for i = 1:np 
    fprintf(fid, '%6.10f\r\n', iin(i));  
end 
fclose(fid); 
 
disp('Done!'); 
 
A.2. Total Harmonic Distortion Calculation and Spectrum Plot 
 This MATLAB script determines the harmonic components of the analytical 
time varying solution for the input current of a single-phase semi-bridge rectifier 
using the fast fourier transform (FFT) algorithm, and then calculates the theoretical 
minimum input current THD up to a given harmonic order. The script also plots the 
spectrum of the theoretical input current. 
 
% HarmBarPlot_Rev1.m 
% =================================================================== 
 
clear all; 
clc; 
disp('Working...'); 
C=load('iIN_8mH_the.txt'); % text file which contains the time varying analytical 
solution 
V_Load = C(:,1); % loads the data set into V_Load 
 
fo=50; % fundamental frequency 
fc=10000; % carrier frequency 
harmax=40; % the number of harmonics to take into account 
cycles=1; % the number of cycles the data contains  
 
spectrum = abs(fft(V_Load));       
swfreq = fc; 
 
for i = 1:harmax*cycles, 
  if (fo ~= 0), 
      harmag(i*3-1) = spectrum(i+1)/spectrum(cycles+1); 
  else, 
      harmag(i*3-1) = spectrum(i+1)/spectrum(1); 
  end, 
 
  if (harmag(i*3-1) < 1.e-4), harmag(i*3-1) = 1.e-4; end, 
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  harmag(i*3-2) = 1.e-4; 
  harmag(i*3) = 1.e-4; 
 
  if (fo ~= 0), 
      harm(i*3-1) = i*fo/cycles; 
      harm(i*3-2) = i*fo/cycles; 
      harm(i*3) = i*fo/cycles; 
  else, 
      harm(i*3-1) = i*fi/cycles; 
      harm(i*3-2) = i*fi/cycles; 
      harm(i*3) = i*fi/cycles; 
  end, 
end 
 
thd = 0; 
if (fo ~= 0), 
  for i=2*cycles+1: harmax*cycles+1, 
    thd = thd + spectrum(i)^2; 
  end, 
  thd = 100*sqrt(thd)/spectrum(cycles+1); 
else, 
  for i=2: harmax*cycles+1, 
    thd = thd + spectrum(i)^2; 
  end, 
  thd = 100*sqrt(thd)/spectrum(1); 
end, 
thdtext = sprintf('THD (%3.0fth harmonic) = %5.2f %%',harmax,thd); 
 
colordef white 
semilogy(harm(1:harmax*3*cycles-1),harmag(1:harmax*3*cycles-1),'k' ) 
axis([0 harmax*fo 1.e-4 1]); 
% title(plottitle); 
xlabel('Frequency [Hz]','FontSize',30,'FontName','Times New Roman'); 
ylabel('Harmonic Magnitude [p.u.]','FontSize',30,'FontName','Times New Roman'); 
text(23*fo,1.4,thdtext,'FontSize',30,'FontName','Times New Roman'); 
set(findobj('type','axes'),'FontSize',30,'FontName','Times New Roman') 
set(findobj('type','line'),'LineWidth',4,'Color','Blue') 
grid; 
disp('Done!'); 
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Appendix B 
Selected PSIM Controller 
DLL Source Code 
 This appendix provides the C source code of the external PSIM dynamic link 
library Controller DLL. This external PSIM DLL was developed for executing in 
a simulation environment, the same C code of the controller that then runs within the 
experimental DSP interrupt routine. 
 
#include <math.h> 
 
    // Defines 
 #define int16 short 
 #define Uint16 unsigned short 
 #define int32 long 
 #define Uint32 unsigned long 
 #define int64 long long 
 
 #define __PI 3.1415926535897932384626433832795 
 
// #define I_CM_CONTROL_FLOATING_POINT 1 
 #define I_CM_CONTROL_FIXED_POINT 1 
 
 #define SW_FREQ_VSI 4000 // switching freq in Hz 
 #define F_FREQ 50.0 // fundamental freq in Hz 
 #define SAMPLING_PERIOD_IO 1.0/(4.0*(double)SW_FREQ_VSI) // sampling period of output 
current controller in sec 
 #define OMEGA0_IO 2.0*__PI*(double)F_FREQ // omega_0  
 #define OMEGA0_SQD_SAMPLING_PERIOD_IO OMEGA0_IO*OMEGA0_IO*SAMPLING_PERIOD_IO // 
(omega_0)^2*sampling_period^2 
 
 #define PERIOD 15000 
 #define PERIOD_2 7500 
 
 #define HSPCLK 150e6 
 #define MIN_VSI_TIME 1e-6 
 #define MIN_VSI_COUNT HSPCLK*MIN_VSI_TIME 
 
 #define ADC_IAC_SC 0.01048625 
 
 #ifdef I_CM_CONTROL_FIXED_POINT 
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  // ICM scaling (same scaling for both Kp and Ki) 
  #define ICM_SHIFT 35  
  #define ICM_SCALING 34359738368.0 
  #define ICM_ROUND 17179869184 
 
 #endif 
 
 #define SINE_PK 16384 
 #define SINE_CNT_MAX 512 
 
 #define MAX_TIME 7350 
 #define POS_SAT 1 
 #define NEG_SAT -1 
 #define NOT_SAT 0 
 
 #define TRUE 1 
 #define FALSE 0 
 
 /// Macros to label who caused the isr_pwm interrupt 
 #define TIMER1_INT 1 
 #define TIMER3_INT 3 
 
 // Macros to label counting state of carrier timers 
 #define COUNTING_DOWN 0 
 #define COUNTING_UP 1 
 
 // Fixed-point shifts and rounds 
 #define Q_SHIFT1  21  
 #define Q_ROUND1 1048576    
 
 
__declspec(dllexport) void simuser (double t,double delt,double* in,double* out) 
{ 
 // Define the variables here, using static to retain its value from one simulation step 
to the next 
  
 // input signals 
 static int16 interrupt = 0;  
 
 // internal variables 
 static int16 i; 
 static int16 sin_val; 
 static Uint16 First = 1; 
 static double debug1, debug2; 
 
 static int16 period = PERIOD; 
 static int16 period_2 = PERIOD_2; 
 
 static int32 vsi_i_o_ref_pk = 0L; // peak current reference in [adccnt] 
 static int32 vsi_i_o_step_pk = 0L; // peak current step in [adccnt] 
 static int32 i_o = 0L; 
 static int32 i_o_ref = 0L; 
 static int32 i_o_err = 0L; 
 
 static double Kp_io_read = 0.0; 
 static double Tr_io_read = 0.0; 
 static double Kp_icm_read = 0.0; 
 static double Tr_icm_read = 0.0; 
  
 static double Kp_io = 0.0; 
 static double Kir_io = 0.0; 
 static double prop_io = 0.0; 
 static double io_err_x_Kir_io = 0.0; 
 static double int1c_io = 0.0; 
 static double int2c_io = 0.0; 
 static double pr_io = 0.0; 
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 static int32 i_A = 0L, i_B = 0L; 
 static int32 prev_i_cm = 0L, i_cm = 0L; 
 static int32 vsi_i_cm_ref = 0L; 
 static int32 vsi_i_cm_step = 0L; 
 static int32 i_cm_err = 0L; 
 
 #ifdef I_CM_CONTROL_FLOATING_POINT 
 
  static double Kp_icm = 0.0; 
  static double Ki_icm = 0.0; 
  static double prop_icm = 0.0; 
  static double int_icm = 0.0; 
  static double pi_icm = 0.0; 
 
 #endif 
 
 #ifdef I_CM_CONTROL_FIXED_POINT 
 
  static int32 Kp_icm = 0L; 
  static int32 Ki_icm = 0L; 
  static int32 prop_icm = 0L; 
  static int32 int_icm = 0L; 
  static int32 pi_icm = 0L; 
 
 #endif 
 
 static int16 t_EVA_A = 0;  
 static int16 t_EVA_B = 0; 
 static int16 t_EVB_A = 0; 
 static int16 t_EVB_B = 0; 
 
 static Uint16 CMPR1 = 0; 
 static Uint16 CMPR2 = 0; 
 static Uint16 CMPR4 = 0; 
 static Uint16 CMPR5 = 0; 
 
 static int16 
  EVA_Asat = 0, EVA_Bsat = 0,  
  EVB_Asat = 0, EVB_Bsat = 0,  
  EVA_Asat_prev = 0, EVA_Bsat_prev = 0,  
  EVB_Asat_prev = 0, EVB_Bsat_prev = 0; 
 static int16 max_time = MAX_TIME; 
 
 static Uint16 timer1_dir = COUNTING_DOWN, timer3_dir = COUNTING_DOWN, old_timer1_dir = 
0, old_timer3_dir = 0, who_is_it = 0; 
 static Uint16 T1UFINT = 0, T1PINT = 0, T3UFINT = 0, T3PINT = 0; 
 static Uint16 request_step = FALSE; 
 static double phase = 0.0; 
 
 static double Temp1 = 0.0; 
 
 static double vsi_i_cm_ref_correction = 0.0; 
 
 // write the code here 
  
 if(First) // run first time only 
 { 
 
  Kp_io_read = (double)in[8]; 
  Tr_io_read = (double)in[9]; 
 
  Kp_icm_read = (double)in[10]; 
  Tr_icm_read = (double)in[11]; 
 
  // output current PR controller gains 
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  Kp_io = (double)(Kp_io_read*ADC_IAC_SC); 
  Kir_io = (double)((Kp_io_read*ADC_IAC_SC)/Tr_io_read); 
 
  #ifdef I_CM_CONTROL_FLOATING_POINT 
 
   // differential-mode current PI controller gains 
   Kp_icm = (double)(Kp_icm_read*ADC_IAC_SC); 
   Ki_icm = (double)((Kp_icm_read*ADC_IAC_SC)/(Tr_icm_read*SW_FREQ_VSI*4.0)); 
 
  #endif 
 
  #ifdef I_CM_CONTROL_FIXED_POINT 
 
   // differential-mode current PI controller gains 
   Kp_icm = (int64)(Kp_icm_read*ADC_IAC_SC*ICM_SCALING); 
   Ki_icm = (int64)((Kp_icm_read*ADC_IAC_SC*ICM_SCALING)/(Tr_icm_read*SW_FREQ_VSI*4.0)); 
 
  #endif 
 
  First = 0; 
 } 
 
 // read inputs - begin 
 
 old_timer1_dir = timer1_dir; 
 old_timer3_dir = timer3_dir; 
 
 // read square wave with info of T1 direction 
 if( (in[0] > -0.5) && (in[0] < 0.5)) timer1_dir = COUNTING_DOWN; 
 else if( (in[0] > 0.5) && (in[0] < 1.5)) timer1_dir = COUNTING_UP; 
 
 // read square wave with info of T1 direction 
 if( (in[1] > -0.5) && (in[1] < 0.5)) timer3_dir = COUNTING_DOWN; 
 else if( (in[1] > 0.5) && (in[1] < 1.5)) timer3_dir = COUNTING_UP; 
 
 // generate interrupt flags 
 if ( (old_timer1_dir == COUNTING_DOWN) && (timer1_dir == COUNTING_UP) ) T1UFINT = 1; 
 else if ( (old_timer1_dir == COUNTING_UP) && (timer1_dir == COUNTING_DOWN) ) T1PINT = 
1; 
 if ( (old_timer3_dir == COUNTING_DOWN) && (timer3_dir == COUNTING_UP) ) T3UFINT = 1; 
 else if ( (old_timer3_dir == COUNTING_UP) && (timer3_dir == COUNTING_DOWN) ) T3PINT = 
1; 
 
 if(T1UFINT || T1PINT) who_is_it = TIMER1_INT; 
 else if(T3UFINT || T3PINT) who_is_it = TIMER3_INT; 
 
 vsi_i_o_ref_pk = ( (int32)( (double)in[2]/ADC_IAC_SC ) )<<Q_SHIFT1; 
 vsi_i_o_step_pk = ( (int32)( (double)in[6]/ADC_IAC_SC ) )<<Q_SHIFT1; 
 
 // read square wave with info of request step 
 if( (in[7] > -0.5) && (in[7] < 0.5)) request_step = FALSE; 
 else if( (in[7] > 0.5) && (in[7] < 1.5)) request_step = TRUE; 
 
 phase = 2*__PI*50.0*t; 
 sin_val = (int16)(16384.0*sin(phase)); 
 
 // read inputs - end 
  
 if(T1UFINT || T1PINT || T3UFINT || T3PINT) 
 { 
  // toggle interrupt flag 
  interrupt = !interrupt; 
 
  // read sampled inputs - begin  
 
  i_o = ( (int32)( (double)in[3]/ADC_IAC_SC ) )<<Q_SHIFT1; 
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  i_A = ( (int32)( (double)in[4]/ADC_IAC_SC ) )<<Q_SHIFT1; 
  i_B = ( (int32)( (double)in[5]/ADC_IAC_SC ) )<<Q_SHIFT1; 
 
 
  i_cm = (int32)( ( (int32)( (int32)i_A + (int32)i_B ) )>>1); // calculate i_cm 
  i_cm = (int32)( ( (int32)( (int32)prev_i_cm + (int32)i_cm ) )>>1); // calculate 
average of last two samples 
  prev_i_cm = i_cm; // store actual sample as previous one 
 
  // read sampled inputs - end 
 
  // common-mode current reference 
  vsi_i_cm_ref = ( (int32)( (double)in[2]/ADC_IAC_SC*0.5*1.5 + 
vsi_i_cm_ref_correction/ADC_IAC_SC ) )<<Q_SHIFT1; // half of output peak current with 50% 
of allowance for ripple current 
  vsi_i_cm_step = ( (int32)( (double)in[6]/ADC_IAC_SC*0.5*1.5 + 
vsi_i_cm_ref_correction/ADC_IAC_SC ) )<<Q_SHIFT1; // half of output peak current with 50% 
of allowance for ripple current 
 
  if (request_step == TRUE) 
  { 
   vsi_i_o_ref_pk = vsi_i_o_step_pk; // apply step value to the commanded output current 
   vsi_i_cm_ref = vsi_i_cm_step; // apply step value to the commanded common-mode 
current 
   } 
 
  // output current reference generation   
  i_o_ref = (int32)( ( (int64)vsi_i_o_ref_pk*(int64)sin_val )>>14 );  
 
  // output current PR controller 
 
  if( EVA_Asat || EVA_Bsat || EVB_Asat || EVB_Bsat || (CMPR1 == 0) || (CMPR2 == 0) || 
(CMPR4 == 0) || (CMPR5 == 0) )  
  { 
   i_o_err = 0; 
  } 
  else 
  { 
   i_o_err = i_o_ref - i_o; 
  }  
 
  prop_io = (double)((double)i_o_err*Kp_io);  
  io_err_x_Kir_io = (double)((double)i_o_err*Kir_io);  
  int1c_io = int1c_io + (io_err_x_Kir_io - int2c_io)*(double)SAMPLING_PERIOD_IO;  
  int2c_io = int2c_io + int1c_io*(double)OMEGA0_SQD_SAMPLING_PERIOD_IO;  
  pr_io = (prop_io + int1c_io); 
 
  if( EVA_Asat || EVA_Bsat || EVB_Asat || EVB_Bsat || (CMPR1 == 0) || (CMPR2 == 0) || 
(CMPR4 == 0) || (CMPR5 == 0) )  
  { 
   i_cm_err = 0; 
  } 
  else 
  { 
   i_cm_err = vsi_i_cm_ref - i_cm; 
  }  
 
  #ifdef I_CM_CONTROL_FLOATING_POINT 
 
   prop_icm = (double)((double)i_cm_err*Kp_icm);  
   int_icm = int_icm + (double)((double)i_cm_err*Ki_icm);  
   pi_icm = (prop_icm + int_icm); 
 
  #endif 
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  #ifdef I_CM_CONTROL_FIXED_POINT 
 
  prop_icm = (int32)( ( (int64)( (int64)i_cm_err*(int64)Kp_icm ) + (int64)ICM_ROUND 
)>>ICM_SHIFT );  
  int_icm = int_icm + (int32)( ( (int64)( (int64)i_cm_err*(int64)Ki_icm ) + 
(int64)ICM_ROUND )>>ICM_SHIFT );  
  pi_icm = (prop_icm + int_icm); 
 
  #endif 
 
  // load temporary compare values 
  if(who_is_it == TIMER1_INT) 
  { 
   t_EVA_A = (int16)( ( (int64)period_2*(int64)( +(int64)pr_io +(int64)pi_icm ) + 
(int64)Q_ROUND1 )>>Q_SHIFT1) + period_2; 
   t_EVA_B = (int16)( ( (int64)period_2*(int64)( -(int64)pr_io -(int64)pi_icm ) + 
(int64)Q_ROUND1 )>>Q_SHIFT1) + period_2; 
  } 
  if(who_is_it == TIMER3_INT) 
  { 
   t_EVB_A = (int16)( ( (int64)period_2*(int64)( +(int64)pr_io -(int64)pi_icm ) + 
(int64)Q_ROUND1 )>>Q_SHIFT1) + period_2; 
   t_EVB_B = (int16)( ( (int64)period_2*(int64)( -(int64)pr_io +(int64)pi_icm ) + 
(int64)Q_ROUND1 )>>Q_SHIFT1) + period_2; 
  } 
 
 /* clamp switch times for pulse deletion and saturation */ 
 
  // Managing desat of CMPR1 
 
  EVA_Asat_prev = EVA_Asat; // saves old saturation state in sat_prev variable      
  if ( t_EVA_A >= (max_time + period_2) ) EVA_Asat = TRUE; else EVA_Asat = FALSE; // 
evaluates actual saturation state and saves it in _sat variable 
 
  // evaluates if entering upper-saturation with carrier timer at its peak value 
  if ( (EVA_Asat_prev == FALSE) && (EVA_Asat == TRUE) && (timer1_dir == COUNTING_DOWN) ) 
  { 
   CMPR1 = period - 1; // makes "CMPR = period - 1" instead of "CMPR = period" 
  } 
  // evaluates if leaving upper-saturation with carrier timer at its peak value 
  else if ( (EVA_Asat_prev == TRUE) && (EVA_Asat == FALSE) && (timer1_dir == 
COUNTING_DOWN) ) 
  { 
   // EvaRegs.COMCONA.bit.CLD = 2; // Change from shadow CMPR to immediate CMPR 
   
   CMPR1 = period - 1; //makes "CMPR = period - 1" instead of "CMPR = period"  
   // EvaRegs.COMCONA.bit.CLD = 1; // Change back to shadow mode    
   CMPR1 = t_EVA_A; // Set CMPR for its actual value 
  } 
  // otherwise its normal operation 
  else 
   CMPR1 = t_EVA_A; 
 
    // Managing desat of CMPR2 
 
  EVA_Bsat_prev = EVA_Bsat; // saves old saturation state in sat_prev variable      
  if ( t_EVA_B >= (max_time + period_2) ) EVA_Bsat = TRUE; else EVA_Bsat = FALSE; // 
evaluates actual saturation state and saves it in _sat variable 
 
  // evaluates if entering upper-saturation with carrier timer at its peak value 
  if ( (EVA_Bsat_prev == FALSE) && (EVA_Bsat == TRUE) && (timer1_dir == COUNTING_DOWN) ) 
  { 
   CMPR2 = period - 1; // makes "CMPR = period - 1" instead of "CMPR = period" 
  } 
  // evaluates if leaving upper-saturation with carrier timer at its peak value 
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  else if ( (EVA_Bsat_prev == TRUE) && (EVA_Bsat == FALSE) && (timer1_dir == 
COUNTING_DOWN) ) 
  { 
   // EvaRegs.COMCONA.bit.CLD = 2; // Change from shadow CMPR to immediate CMPR 
   
   CMPR2 = period - 1; //makes "CMPR = period - 1" instead of "CMPR = period"  
   // EvaRegs.COMCONA.bit.CLD = 1; // Change back to shadow mode    
   CMPR2 = t_EVA_B; // Set CMPR for its actual value 
  } 
  // otherwise its normal operation 
  else 
   CMPR2 = t_EVA_B; 
 
  // Managing desat of CMPR4 
 
  EVB_Asat_prev = EVB_Asat; // saves old saturation state in sat_prev variable      
  if ( t_EVB_A >= (max_time + period_2) ) EVB_Asat = TRUE; else EVB_Asat = FALSE; // 
evaluates actual saturation state and saves it in _sat variable 
 
  // evaluates if entering upper-saturation with carrier timer at its peak value 
  if ( (EVB_Asat_prev == FALSE) && (EVB_Asat == TRUE) && (timer3_dir == COUNTING_DOWN) ) 
  { 
   CMPR4 = period - 1; // makes "CMPR = period - 1" instead of "CMPR = period" 
  } 
  // evaluates if leaving upper-saturation with carrier timer at its peak value 
  else if ( (EVB_Asat_prev == TRUE) && (EVB_Asat == FALSE) && (timer3_dir == 
COUNTING_DOWN) ) 
  { 
   // EvbRegs.COMCONB.bit.CLD = 2; // Change from shadow CMPR to immediate CMPR 
   
   CMPR4 = period - 1; //makes "CMPR = period - 1" instead of "CMPR = period"  
   // EvbRegs.COMCONB.bit.CLD = 1; // Change back to shadow mode    
   CMPR4 = t_EVB_A; // Set CMPR for its actual value 
  } 
  // otherwise its normal operation 
  else 
   CMPR4 = t_EVB_A; 
 
  // Managing desat of CMPR5 
 
  EVB_Bsat_prev = EVB_Bsat; // saves old saturation state in sat_prev variable      
  if ( t_EVB_B >= (max_time + period_2) ) EVB_Bsat = TRUE; else EVB_Bsat = FALSE; // 
evaluates actual saturation state and saves it in _sat variable 
 
  // evaluates if entering upper-saturation with carrier timer at its peak value 
  if ( (EVB_Bsat_prev == FALSE) && (EVB_Bsat == TRUE) && (timer3_dir == COUNTING_DOWN) ) 
  { 
   CMPR5 = period - 1; // makes "CMPR = period - 1" instead of "CMPR = period" 
  } 
  // evaluates if leaving upper-saturation with carrier timer at its peak value 
  else if ( (EVB_Bsat_prev == TRUE) && (EVB_Bsat == FALSE) && (timer3_dir == 
COUNTING_DOWN) ) 
  { 
   // EvbRegs.COMCONB.bit.CLD = 2; // Change from shadow CMPR to immediate CMPR 
   
   CMPR5 = period - 1; //makes "CMPR = period - 1" instead of "CMPR = period"  
   // EvbRegs.COMCONB.bit.CLD = 1; // Change back to shadow mode    
   CMPR5 = t_EVB_B; // Set CMPR for its actual value 
  } 
  // otherwise its normal operation 
  else 
   CMPR5 = t_EVB_B; 
 } 
 
 out[0] = (double)CMPR1; 
 out[1] = (double)CMPR2; 
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 out[2] = (double)CMPR4; 
 out[3] = (double)CMPR5; 
 out[4]  = (double)prop_io; 
 out[5]  = (double)int1c_io; 
 out[6]  = (double)pr_io; 
 out[7]  = (double)prop_icm; 
 out[8]  = (double)int_icm; 
 out[9]  = (double)pi_icm; 
 out[10] = (double)0.0; 
 out[11] = (double)0.0; 
 out[12] = (double)0.0;  
 out[13] = (double)0.0; 
 out[14] = (double)i_o_err; 
 out[15] = (double)i_cm_err; 
 out[16] = (double)i_A; 
 out[17] = (double)i_B; 
 out[18] = (double)i_cm; 
 out[19] = (double)i_o; 
 out[20] = (double)t_EVA_A; 
 out[21] = (double)t_EVA_B; 
 out[22] = (double)t_EVB_A; 
 out[23] = (double)t_EVB_B; 
 out[24] = (double)interrupt; 
 
 
 // clear interrupt flags 
 T1UFINT = 0; 
 T1PINT = 0; 
 T3UFINT = 0; 
 T3PINT = 0; 
 
} 
 
 
 
 
 
 
 231 
Appendix C 
DSP Source Code: 
Experimental System #1 
 This appendix provides the TMS320F2810 DSP C source code used in 
experimental system #1. 
C.1. Background Routines – Header File 
// main.h (Background H-File for System #1) 
 
/* ========================================================== */ 
/* Definitions */ 
/* ========================================================== */ 
 
/* Clock definitions */ 
#define SYSCLK_OUT  (150e6) 
#define HSPCLK   (SYSCLK_OUT) 
#define LSPCLK    (SYSCLK_OUT/4) 
 
#define INIT_SYSCLK   ((Uint16)(SYSCLK_OUT/1e6)) // MHz 
#define INIT_LSPCLK   ((Uint32)(LSPCLK/1e3)) // kHz 
#define INIT_HSPCLK   ((Uint32)(HSPCLK/1e3)) // kHz 
 
/* Boot ROM sine table definitions */ 
#define TABLE_SIZE  512 
#define MAX_SINE_TABLE  16384 
 
/* Application definitions */ 
#define SW_FREQ_VSI   10000.0 ///< switching freq in Hz 
#define F_FREQ    50.0  ///< default fundamental frequency in Hz 
 
/* ========================================================== */ 
/* State Machine Definitions */ 
/* ========================================================== */ 
 
/// state function type 
 typedef void (* funcPtr)(void); 
 
/// simple state machine type 
typedef struct 
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i
r
 
d
e
f
a
u
l
t
 
s
t
a
t
e
.
 
 
I
n
i
t
P
i
e
C
t
r
l
(
)
;
 
/
/
 
D
i
s
a
b
l
e
 
C
P
U
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
c
l
e
a
r
 
a
l
l
 
C
P
U
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
s
:
 
 
I
E
R
 
=
 
0
x
0
0
0
0
;
 
 
I
F
R
 
=
 
0
x
0
0
0
0
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
P
I
E
 
v
e
c
t
o
r
 
t
a
b
l
e
 
w
i
t
h
 
p
o
i
n
t
e
r
s
 
t
o
 
t
h
e
 
s
h
e
l
l
 
I
n
t
e
r
r
u
p
t
 
/
/
 
S
e
r
v
i
c
e
 
R
o
u
t
i
n
e
s
 
(
I
S
R
)
.
 
/
/
 
T
h
i
s
 
w
i
l
l
 
p
o
p
u
l
a
t
e
 
t
h
e
 
e
n
t
i
r
e
 
t
a
b
l
e
,
 
e
v
e
n
 
i
f
 
t
h
e
 
i
n
t
e
r
r
u
p
t
 
/
/
 
i
s
 
n
o
t
 
u
s
e
d
 
i
n
 
t
h
i
s
 
e
x
a
m
p
l
e
.
 
 
T
h
i
s
 
i
s
 
u
s
e
f
u
l
 
f
o
r
 
d
e
b
u
g
 
p
u
r
p
o
s
e
s
.
 
/
/
 
T
h
e
 
s
h
e
l
l
 
I
S
R
 
r
o
u
t
i
n
e
s
 
a
r
e
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
D
e
f
a
u
l
t
I
s
r
.
c
.
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
i
s
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
P
i
e
V
e
c
t
.
c
.
 
 
I
n
i
t
P
i
e
V
e
c
t
T
a
b
l
e
(
)
;
 
 #
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
/
/
 
C
o
p
y
 
t
i
m
e
 
c
r
i
t
i
c
a
l
 
c
o
d
e
 
a
n
d
 
F
l
a
s
h
 
s
e
t
u
p
 
c
o
d
e
 
t
o
 
R
A
M
 
/
/
 
T
h
e
 
 
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
a
n
d
 
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
 
/
/
 
s
y
m
b
o
l
s
 
a
r
e
 
c
r
e
a
t
e
d
 
b
y
 
t
h
e
 
l
i
n
k
e
r
.
 
R
e
f
e
r
 
t
o
 
t
h
e
 
F
2
8
1
0
.
c
m
d
 
f
i
l
e
.
 
 
M
e
m
C
o
p
y
(
&
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
&
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
&
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
)
;
 
 /
/
 
C
a
l
l
 
F
l
a
s
h
 
I
n
i
t
i
a
l
i
z
a
t
i
o
n
 
t
o
 
s
e
t
u
p
 
f
l
a
s
h
 
w
a
i
t
s
t
a
t
e
s
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
m
u
s
t
 
r
e
s
i
d
e
 
i
n
 
R
A
M
 
 
I
n
i
t
F
l
a
s
h
(
)
;
 
#
e
n
d
i
f
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
3
5
 
  
I
n
i
t
A
d
c
(
)
;
 
 
I
n
i
t
C
p
u
T
i
m
e
r
s
(
)
;
 
 
I
n
i
t
W
D
T
i
m
e
r
s
(
)
;
 
 
b
i
o
s
_
i
n
i
t
_
C
O
M
0
(
9
6
0
0
L
)
;
 
 /
/
 
C
o
n
f
i
g
u
r
e
 
C
P
U
-
T
i
m
e
r
 
0
 
t
o
 
i
n
t
e
r
r
u
p
t
 
e
v
e
r
y
 
m
i
l
l
i
s
e
c
o
n
d
:
 
/
/
 
1
5
0
M
H
z
 
C
P
U
 
F
r
e
q
,
 
0
.
0
0
1
 
s
e
c
o
n
d
 
P
e
r
i
o
d
 
(
i
n
 
u
S
e
c
o
n
d
s
)
 
 
C
o
n
f
i
g
C
p
u
T
i
m
e
r
(
&
C
p
u
T
i
m
e
r
0
,
 
1
5
0
.
0
/
*
M
H
z
*
/
,
 
1
0
0
0
.
0
/
*
u
s
*
/
)
;
 
 
S
t
a
r
t
C
p
u
T
i
m
e
r
0
(
)
;
 
 /
/
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
t
o
 
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
r
o
u
t
i
n
e
.
 
 
E
A
L
L
O
W
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
T
I
N
T
0
 
=
 
&
i
s
r
_
c
p
u
_
t
i
m
e
r
0
;
 
 
E
D
I
S
;
 
 /
/
 
E
n
a
b
l
e
 
T
I
N
T
0
 
i
n
 
t
h
e
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
7
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
7
 
=
 
1
;
 
 
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
 
E
n
a
b
l
e
I
n
t
e
r
r
u
p
t
s
(
)
;
 
 
p
u
t
s
_
C
O
M
0
(
"
\
n
\
n
 
"
 
C
O
D
E
N
A
M
E
_
S
T
R
 
"
:
 
"
 
_
_
D
A
T
E
_
_
 
"
,
 
"
 
_
_
T
I
M
E
_
_
 
"
\
n
"
)
;
 
  
/
/
 
D
e
l
a
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
f
l
a
s
h
 
i
n
t
e
r
n
a
l
 
p
o
w
e
r
 
u
p
 
r
e
s
e
t
 
t
o
 
c
l
e
a
r
 
 
/
/
 
I
f
 
o
t
h
e
r
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
t
a
k
e
s
 
m
o
r
e
 
t
h
a
n
 
2
0
0
m
s
 
o
r
 
t
h
e
 
f
l
a
s
h
 
i
s
 
n
o
t
 
u
s
e
d
 
 
/
/
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
2
0
0
m
s
 
t
h
e
n
 
t
h
e
 
d
e
l
a
y
 
i
s
 
u
n
n
e
c
e
s
s
a
r
y
 
 
{
 
 
 
U
i
n
t
1
6
 
i
 
=
 
3
;
 
  
 
w
h
i
l
e
 
(
i
>
0
)
 
 
 
{
 
 
 
 
w
h
i
l
e
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
=
 
0
)
;
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
-
-
;
 
 
 
}
 
 
}
 
 
/
/
 
 
i
n
i
t
i
a
l
i
s
e
 
f
l
a
s
h
 
R
A
M
 
 
s
f
_
i
n
i
t
(
)
;
 
 
s
f
_
s
e
t
_
p
r
o
t
e
c
t
(
S
F
_
U
N
P
R
O
T
E
C
T
)
;
 
 
 
 
/
/
 
i
n
i
t
i
a
l
i
z
e
 
g
r
a
b
 
f
u
n
c
t
i
o
n
a
l
i
t
y
 
 
G
r
a
b
I
n
i
t
(
)
;
 
  
v
s
i
_
f
f
_
s
e
t
(
f
_
f
r
e
q
)
;
 
 
v
s
i
_
m
o
d
_
s
e
t
(
m
o
d
_
d
e
p
t
h
)
;
 
 
/
/
v
s
i
_
f
s
w
_
s
e
t
(
s
w
_
f
r
e
q
)
;
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
t
e
s
t
 
p
o
i
n
t
 
p
i
n
s
 
o
n
 
t
h
e
 
D
A
2
8
1
0
 
b
o
a
r
d
 
 
 
 
E
A
L
L
O
W
;
 
 
 
 
/
/
 
T
e
s
t
 
p
o
i
n
t
 
T
P
1
0
 
(
T
3
P
W
M
/
G
P
I
O
B
6
)
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
T
3
P
W
M
_
G
P
I
O
B
6
 
=
 
0
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
I
/
O
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
D
I
R
.
b
i
t
.
G
P
I
O
B
6
 
=
 
1
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
o
u
t
p
u
t
 
  
/
/
 
T
e
s
t
 
p
o
i
n
t
 
T
P
1
1
 
(
T
4
P
W
M
/
G
P
I
O
B
7
)
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
T
4
P
W
M
_
G
P
I
O
B
7
 
=
 
0
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
I
/
O
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
D
I
R
.
b
i
t
.
G
P
I
O
B
7
 
=
 
1
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
o
u
t
p
u
t
 
  
/
/
 
T
e
s
t
 
p
o
i
n
t
 
T
P
1
2
 
(
T
2
P
W
M
/
G
P
I
O
A
7
)
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
T
2
P
W
M
_
G
P
I
O
A
7
 
=
 
0
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
I
/
O
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
D
I
R
.
b
i
t
.
G
P
I
O
A
7
 
=
 
1
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
o
u
t
p
u
t
 
 
 
 
 
 
 
/
/
 
T
e
s
t
 
p
o
i
n
t
 
T
P
1
3
 
(
T
1
P
W
M
/
G
P
I
O
A
6
)
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
T
1
P
W
M
_
G
P
I
O
A
6
 
=
 
0
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
I
/
O
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
D
I
R
.
b
i
t
.
G
P
I
O
A
6
 
=
 
1
;
 /
/
 
c
o
n
f
i
g
u
r
e
 
a
s
 
o
u
t
p
u
t
 
  
E
D
I
S
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
M
a
i
n
 
L
o
o
p
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
w
h
i
l
e
(
q
u
i
t
 
=
=
 
0
)
 
 
{
 
 
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
!
=
 
0
)
 
/
/
 
m
i
l
l
i
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
=
 
0
;
 
 
 
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
)
;
 
 
 
}
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
3
6
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
!
=
 
0
)
 
/
/
 
t
e
n
t
h
 
o
f
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
c
o
m
_
k
e
y
b
o
a
r
d
(
)
;
 
/
/
 
p
r
o
c
e
s
s
 
k
e
y
p
r
e
s
s
e
s
 
 
 
 
 
 
 
 
/
/
 
g
r
a
b
 
s
h
o
w
 
 
 
 
i
f
(
G
r
a
b
S
h
o
w
T
r
i
g
g
e
r
(
)
 
&
&
 
g
r
a
b
_
c
o
u
n
t
e
r
 
<
 
G
R
A
B
_
L
E
N
G
T
H
)
{
 
 
 
 
 
G
r
a
b
D
i
s
p
l
a
y
(
g
r
a
b
_
c
o
u
n
t
e
r
)
;
  
 
 
 
 
 
 
 
g
r
a
b
_
c
o
u
n
t
e
r
+
+
;
 
 
 
 
}
 
 
 
 
e
l
s
e
 
i
f
(
G
r
a
b
S
h
o
w
T
r
i
g
g
e
r
(
)
 
&
&
 
g
r
a
b
_
c
o
u
n
t
e
r
 
=
=
 
G
R
A
B
_
L
E
N
G
T
H
)
{
 
 
 
 
 
G
r
a
b
S
t
o
p
(
)
;
 
 
 
 
 
g
r
a
b
_
c
o
u
n
t
e
r
 
=
 
0
x
F
F
F
F
;
 
 
 
 
}
  
 
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
 
!
=
 
0
)
 
/
/
 
o
n
e
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
 
=
 
0
;
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
1
)
;
 
/
/
 
t
r
i
g
g
e
r
 
n
e
w
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
 
e
l
s
e
 
/
/
 
l
o
w
 
p
r
i
o
r
i
t
y
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
0
)
;
 
/
/
 
c
o
n
t
i
n
u
e
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
}
 
/
*
 
e
n
d
 
w
h
i
l
e
 
q
u
i
t
 
=
=
 
0
 
*
/
 
  
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
  
D
I
N
T
;
 
}
 
/
*
 
e
n
d
 
m
a
i
n
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
D
i
s
p
l
a
y
s
 
o
p
e
r
a
t
i
n
g
 
i
n
f
o
 
o
u
t
 
C
O
M
 
p
o
r
t
.
 
*
/
 
v
o
i
d
 
c
o
m
_
d
i
s
p
l
a
y
(
U
i
n
t
1
6
 
m
o
d
e
)
 
{
 
 
s
t
a
t
i
c
 
U
i
n
t
1
6
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
F
F
F
;
 
 
i
n
t
1
6
 
 
 
f
a
u
l
t
_
s
t
a
t
e
 
=
 
0
;
 
 
 
 
 
i
f
(
G
r
a
b
S
h
o
w
T
r
i
g
g
e
r
(
)
)
 
r
e
t
u
r
n
;
  
  
  
i
f
 
(
m
o
d
e
 
=
=
 
1
)
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
;
 
 
e
l
s
e
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
+
+
;
 
  
s
w
i
t
c
h
 
(
d
i
s
p
l
a
y
_
s
t
a
t
e
)
 
 
{
 
 
 
c
a
s
e
 
0
:
 
 
 
 
f
a
u
l
t
_
s
t
a
t
e
 
=
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
(
)
;
 
 
 
 
i
f
 
(
f
a
u
l
t
_
s
t
a
t
e
 
=
=
 
-
1
)
 
 
 
 
{
 
 
 
 
 
p
u
t
s
(
"
F
:
"
)
;
 
 
 
 
 
p
u
t
x
x
(
v
s
i
_
g
e
t
_
f
a
u
l
t
s
(
)
)
;
 
 
 
 
}
 
 
 
 
e
l
s
e
 
 
 
 
{
 
 
 
 
 
p
u
t
s
(
v
s
i
_
m
o
d
e
[
v
s
i
_
g
e
t
_
m
o
d
e
(
)
]
)
;
 
 
 
 
}
 
 
 
 
p
u
t
s
(
"
 
"
)
;
 
 
 
b
r
e
a
k
;
 
 
 
c
a
s
e
 
1
:
 
 
 
 
p
u
t
d
b
l
(
(
d
o
u
b
l
e
)
m
o
d
_
d
e
p
t
h
/
1
0
0
.
0
,
1
)
;
 
 
 
 
p
u
t
s
(
"
%
 
"
)
;
 
 
 
 
p
u
t
d
b
l
(
(
d
o
u
b
l
e
)
f
_
f
r
e
q
/
1
0
.
0
,
1
)
;
 
 
 
 
p
u
t
s
(
"
H
z
 
"
)
;
 
 
 
 
p
u
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b
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b
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b
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c
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b
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c
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;
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;
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c
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p
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\
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p
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\
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\
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p
t
 
d
a
t
a
\
n
"
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
0
(
"
\
t
s
\
t
S
h
o
w
 
g
r
a
b
b
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b
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p
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p
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b
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p
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c
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;
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;
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p
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b
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c
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;
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b
i
t
 
1
 
 
 
 
 
i
f
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
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;
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b
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;
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b
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;
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.
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.
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;
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.
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.
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.
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.
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;
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b
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;
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C
h
a
n
g
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b
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1
;
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
b
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;
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i
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b
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i
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;
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=
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=
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i
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=
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=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
g
r
a
b
_
a
r
r
a
y
[
i
]
[
j
]
 
=
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=
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i
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p
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M
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=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
V
a
r
i
a
b
l
e
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 U
i
n
t
1
6
 
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
/
/
/
<
 
S
e
t
 
/
*
V
S
I
 
i
n
t
e
r
r
u
p
t
 
v
a
r
i
a
b
l
e
s
 
*
/
 
/
/
/
 
B
o
o
t
 
R
O
M
 
s
i
n
e
 
t
a
b
l
e
 
s
t
a
r
t
s
 
a
t
 
0
x
0
0
3
F
F
0
0
0
 
a
n
d
 
h
a
s
 
6
4
1
 
e
n
t
r
i
e
s
 
o
f
 
3
2
 
b
i
t
 
s
i
n
e
 
/
/
/
 
v
a
l
u
e
s
 
m
a
k
i
n
g
 
u
p
 
o
n
e
 
a
n
d
 
a
 
q
u
a
r
t
e
r
 
p
e
r
i
o
d
s
 
(
p
l
u
s
 
o
n
e
 
e
n
t
r
y
)
.
 
F
o
r
 
1
6
 
b
i
t
 
/
/
/
 
v
a
l
u
e
s
,
 
u
s
e
 
j
u
s
t
 
t
h
e
 
h
i
g
h
 
w
o
r
d
 
o
f
 
t
h
e
 
3
2
 
b
i
t
 
e
n
t
r
y
.
 
P
e
a
k
 
v
a
l
u
e
 
i
s
 
0
x
4
0
0
0
0
0
0
0
 
i
n
t
1
6
 
 
*
s
i
n
_
t
a
b
l
e
 
=
 
(
i
n
t
1
6
 
*
)
0
x
0
0
3
F
F
0
0
0
,
 
/
/
/
<
 
p
o
i
n
t
e
r
 
t
o
 
s
i
n
e
 
t
a
b
l
e
 
i
n
 
b
o
o
t
 
R
O
M
 
 
p
h
a
s
e
_
o
f
f
s
e
t
;
  
 
/
/
/
<
 
r
o
u
n
d
 
o
f
f
 
a
m
o
u
n
t
 
f
r
o
m
 
s
i
n
e
 
l
o
o
k
u
p
 
i
n
t
1
6
 
 
v
a
l
_
d
i
f
f
,
 
/
/
/
<
 
i
n
t
e
r
p
o
l
a
t
i
o
n
 
t
e
m
p
 
v
a
r
i
a
b
l
e
 
 
v
a
l
_
l
o
,
 
/
/
/
<
 
i
n
t
e
r
p
o
l
a
t
i
o
n
 
t
e
m
p
 
v
a
r
i
a
b
l
e
 
 
s
i
n
_
v
a
l
;
 
/
/
/
<
 
i
n
t
e
r
p
o
l
a
t
e
d
 
s
i
n
e
 
t
a
b
l
e
 
v
a
l
u
e
 
U
i
n
t
1
6
 
 
i
n
d
e
x
_
a
 
=
 
0
,
  
 
 
/
/
/
<
 
i
n
d
e
x
 
i
n
t
o
 
s
i
n
e
 
l
o
o
k
-
u
p
 
t
a
b
l
e
 
(
p
h
a
s
e
 
>
>
 
7
)
 
 
v
s
i
_
e
n
_
o
u
t
p
u
t
s
 
=
 
0
;
  
/
/
/
<
 
t
r
i
g
g
e
r
 
t
o
 
t
u
r
n
 
o
n
 
V
S
I
 
o
u
t
p
u
t
s
 
U
i
n
t
3
2
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
4
6
 
 
p
h
a
s
e
_
s
t
e
p
 
=
 
P
H
A
S
E
_
S
T
E
P
,
/
/
 
c
h
a
n
g
e
 
i
n
 
p
h
a
s
e
 
a
n
g
l
e
 
e
a
c
h
 
i
n
t
e
r
r
u
p
t
 
 
p
h
a
s
e
_
a
 
=
 
0
L
;
  
 
 
/
/
 
r
u
n
n
i
n
g
 
p
h
a
s
e
 
a
n
g
l
e
 
 
(
2
^
3
2
 
=
=
 
3
6
0
d
e
g
r
e
e
s
)
 
i
n
t
1
6
 
 
p
e
r
i
o
d
 
=
 
P
E
R
I
O
D
,
 
 
/
/
/
<
 
c
l
o
c
k
 
p
e
r
i
o
d
 
i
n
 
t
i
c
k
s
 
 
p
e
r
i
o
d
_
2
 
=
 
P
E
R
I
O
D
_
2
,
 /
/
/
<
 
h
a
l
f
 
c
l
o
c
k
 
p
e
r
i
o
d
 
i
n
 
t
i
c
k
s
 
 
t
_
A
_
m
a
x
 
=
 
T
_
A
_
M
A
X
,
  
/
/
/
<
 
m
a
x
i
m
u
m
m
 
c
o
m
p
a
r
e
 
l
o
a
d
 
v
a
l
u
e
 
i
n
 
t
i
c
k
s
 
 
V
a
c
_
m
a
g
 
=
 
0
,
  
 
/
/
/
<
 
d
e
m
a
n
d
e
d
 
A
C
 
o
u
t
p
u
t
 
c
o
m
p
e
n
s
a
t
e
d
 
v
o
l
t
a
g
e
 
m
a
g
n
i
t
u
d
e
 
 
t
_
A
,
  
 
 
 
/
/
/
<
 
s
w
i
t
c
h
i
n
g
 
t
i
m
e
s
 
 
v
s
i
_
m
a
g
 
=
 
0
,
  
 
/
/
/
<
 
m
a
g
n
i
t
u
d
e
 
s
c
a
l
e
d
 
f
o
r
 
s
i
n
e
 
c
a
l
c
s
 
 
v
s
i
_
m
a
g
_
r
e
f
 
=
 
0
,
 
 
/
/
/
<
 
m
a
g
n
i
t
u
d
e
 
u
s
e
d
 
i
n
 
b
a
c
k
g
r
o
u
n
d
 
r
a
m
p
i
n
g
 
 
V
r
m
s
_
t
a
r
g
 
=
 
0
,
  
 
/
/
/
<
 
d
e
m
a
n
d
e
d
 
v
o
l
t
a
g
e
 
i
n
 
V
r
m
s
 
 
V
a
c
_
f
f
_
c
o
m
p
 
=
 
1
6
3
8
4
,
 /
/
/
<
 
d
e
m
a
n
d
e
d
 
v
o
l
t
a
g
e
 
f
e
e
d
f
o
r
w
a
r
d
 
c
o
m
p
e
n
s
a
t
i
o
n
 
 
V
r
m
s
_
r
e
f
 
=
 
0
;
  
 
/
/
/
<
 
b
a
c
k
g
r
o
u
n
d
 
r
e
f
e
r
e
n
c
e
 
 d
o
u
b
l
e
 
 
f
i
n
t
_
v
s
i
 
=
 
F
I
N
T
_
V
S
I
;
 /
/
/
<
 
v
s
i
 
i
n
t
e
r
r
u
p
t
 
f
r
e
q
u
e
n
c
y
 
i
n
 
H
z
 
 /
/
 
M
y
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
a
b
s
_
v
a
c
 
=
 
0
;
 
i
n
t
1
6
 
a
b
s
_
s
i
n
e
 
=
 
0
;
 
 i
n
t
1
6
 
i
_
i
n
 
=
 
0
;
 
i
n
t
1
6
 
a
b
s
_
i
_
i
n
 
=
 
0
;
 
d
o
u
b
l
e
 
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
;
 
d
o
u
b
l
e
 
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
;
 
i
n
t
1
6
 
a
b
s
_
i
_
i
n
_
r
e
f
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
e
r
r
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
e
r
r
_
o
l
d
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
e
r
r
_
a
v
g
 
=
 
0
;
 
 i
n
t
1
6
 
v
_
d
c
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
r
e
f
 
=
 
2
7
8
8
;
 
/
/
 
3
8
0
V
 
-
>
 
2
7
8
8
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
o
l
d
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
a
v
g
 
=
 
0
;
 
 d
o
u
b
l
e
 
f
f
_
t
e
r
m
 
=
 
0
;
 
d
o
u
b
l
e
 
f
f
_
t
e
r
m
_
n
e
w
 
=
 
0
;
 
d
o
u
b
l
e
 
f
b
_
t
e
r
m
 
=
 
0
;
 
i
n
t
1
6
 
m
o
d
_
s
i
g
n
a
l
 
=
 
0
;
 
 d
o
u
b
l
e
 
i
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
i
_
i
n
t
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
i
n
t
 
=
 
0
;
 
 d
o
u
b
l
e
 
K
p
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
p
_
v
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
v
 
=
 
0
;
 
 U
i
n
t
1
6
 
R
e
q
u
e
s
t
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
 U
i
n
t
1
6
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
0
;
 
U
i
n
t
1
6
 
s
a
t
u
r
a
t
e
d
_
m
o
d
_
s
i
g
n
a
l
 
=
 
0
;
 
U
i
n
t
1
6
 
s
a
t
u
r
a
t
e
d
_
i
n
t
e
g
r
a
t
o
r
 
=
 
0
;
 
U
i
n
t
1
6
 
s
a
t
u
r
a
t
e
d
_
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
;
 
i
n
t
1
6
 
m
o
d
_
s
i
g
n
a
l
_
m
a
x
 
=
 
M
O
D
_
S
I
G
N
A
L
_
M
A
X
;
 
 U
i
n
t
1
6
 
p
r
e
v
_
C
M
P
R
_
s
a
t
 
=
 
F
A
L
S
E
,
 
C
M
P
R
_
s
a
t
 
=
 
F
A
L
S
E
;
 
 U
i
n
t
1
6
 
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
U
i
n
t
1
6
 
t
o
g
g
l
e
_
b
i
t
2
 
=
 
0
;
 
U
i
n
t
1
6
 
t
o
g
g
l
e
_
b
i
t
3
 
=
 
0
;
 
U
i
n
t
1
6
 
t
o
g
g
l
e
_
b
i
t
4
 
=
 
0
;
 
U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
2
 
=
 
0
;
 
i
n
t
1
6
 
i
a
c
_
r
a
w
r
a
w
 
=
 
0
;
 
i
n
t
1
6
 
a
b
s
_
i
_
d
c
 
=
 
0
;
 
i
n
t
3
2
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
=
 
0
;
 
i
n
t
1
6
 
a
b
s
_
v
a
c
_
p
k
 
=
 
0
,
 
a
b
s
_
v
a
c
_
p
k
_
n
e
w
 
=
 
0
;
 
U
i
n
t
1
6
 
u
p
d
a
t
e
_
a
b
s
_
v
a
c
_
p
k
 
=
 
0
;
 
d
o
u
b
l
e
 
M
u
l
t
_
i
_
i
 
=
 
1
.
0
,
 
M
u
l
t
_
p
_
i
 
=
 
1
.
0
;
 
i
n
t
3
2
 
d
1
 
=
 
0
,
 
d
2
 
=
 
0
,
 
d
3
 
=
 
0
,
 
d
4
 
=
 
0
;
 
 /
/
 
M
e
a
s
u
r
e
d
 
q
u
a
n
t
i
t
i
e
s
 
f
r
o
m
 
t
h
e
 
a
d
c
 
t
y
p
e
_
a
d
c
 
 
a
d
c
 
=
 
 
{
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
c
a
l
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
4
7
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
_
b
a
k
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
c
a
l
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
r
m
s
 
 
 
{
 
 
0
,
 
 /
/
 
r
a
w
 
 
 
 
 
 
0
,
 
 /
/
 
f
i
l
t
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
.
0
 
 /
/
 
r
e
a
l
 
 
 
 
 
 
}
,
 
  
/
/
 
h
v
d
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
i
a
c
_
a
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
i
a
c
_
b
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
i
d
c
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
v
a
c
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
y
H
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
y
L
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
/
/
 
y
H
B
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
 
/
/
 
y
L
B
 
 
}
;
 
 /
*
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
*
/
 
d
o
u
b
l
e
 
 
c
a
l
_
g
a
i
n
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
o
f
f
s
e
t
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
g
a
i
n
_
B
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 
c
a
l
_
o
f
f
s
e
t
_
B
;
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 /
/
/
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
 
c
a
l
_
g
a
i
n
A
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
g
a
i
n
B
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
A
 
=
 
0
,
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
B
 
=
 
0
;
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 /
*
 
F
a
u
l
t
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
,
 /
/
/
<
 
b
i
t
s
 
s
e
t
 
f
o
r
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
(
p
o
s
s
i
b
l
y
 
c
l
e
a
r
e
d
)
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
=
 
0
,
/
/
/
<
 
c
o
u
n
t
 
o
f
 
f
a
u
l
t
s
 
f
o
r
 
l
o
c
k
i
n
g
 
o
u
t
 
b
a
d
 
f
a
u
l
t
s
 
 
v
a
c
_
u
n
d
e
r
v
o
l
t
a
g
e
 
=
 
0
;
 
/
/
/
<
 
c
o
u
n
t
 
o
f
 
V
a
c
 
u
n
d
e
r
v
o
l
t
a
g
e
 
c
y
c
l
e
s
 
 /
/
 
T
e
m
p
o
r
a
r
y
 
v
a
r
i
a
b
l
e
s
 
U
i
n
t
1
6
 
C
T
_
c
o
u
n
t
e
r
A
 
=
 
0
;
 
 /
*
 
Z
e
r
o
 
C
r
o
s
s
i
n
g
 
S
y
n
c
h
 
V
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
Z
X
_
s
e
e
n
 
=
 
0
,
 
/
/
/
<
 
f
l
a
g
 
s
e
t
 
w
h
e
n
 
a
 
z
x
 
e
v
e
n
t
 
i
s
 
d
e
t
e
c
t
e
d
 
 
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
F
l
a
g
 
t
o
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
s
y
n
c
 
i
s
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
>
 
Z
X
_
S
Y
N
C
_
L
I
M
I
T
 
m
e
a
n
s
 
t
h
a
t
 
s
y
n
c
 
h
a
s
 
b
e
e
n
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
,
 /
/
/
<
 
S
t
a
t
e
 
o
f
 
t
h
e
 
z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
y
n
c
h
 
p
r
o
c
e
s
s
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
,
 /
/
/
<
 
T
h
e
 
n
u
m
b
e
r
 
o
f
 
s
w
i
t
c
h
i
n
g
 
c
y
c
l
e
s
 
b
e
t
w
e
e
n
 
Z
X
 
i
n
t
e
r
r
u
p
t
s
 
 
Z
X
_
c
o
u
n
t
_
g
r
a
b
,
 
/
/
 
f
o
r
 
g
r
a
b
 
c
o
d
e
 
o
n
l
y
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
,
 /
/
/
<
 
C
o
u
n
t
 
o
f
 
n
u
m
b
e
r
 
o
f
 
Z
X
s
 
d
u
r
i
n
g
 
a
v
e
r
a
g
i
n
g
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
/
/
/
<
 
R
u
n
n
i
n
g
 
s
u
m
 
f
o
r
 
a
v
e
r
a
g
e
 
 i
n
t
1
6
 
 
Z
X
_
t
i
m
e
 
=
 
0
;
 /
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
t
i
m
e
r
 
u
n
i
t
s
 
 i
n
t
3
2
 
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
 
=
 
0
L
,
 
/
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
 
z
x
_
o
f
f
s
e
t
 
=
 
Z
X
_
O
F
F
S
E
T
_
P
O
S
,
 
/
/
/
<
 
v
a
r
i
a
b
l
e
 
o
f
f
s
e
t
 
f
o
r
 
t
u
n
i
n
g
 
 
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
 
=
 
0
L
,
 
/
/
/
<
 
S
c
a
l
e
 
f
a
c
t
o
r
 
b
e
t
w
e
e
n
 
t
i
m
e
r
 
a
n
d
 
p
h
a
s
e
 
u
n
i
t
s
 
 
Z
X
_
p
h
a
s
e
_
e
r
r
 
=
 
0
L
,
 
/
/
/
<
 
D
i
f
f
e
r
e
n
c
e
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
(
2
^
1
6
 
=
=
 
3
6
0
d
e
g
)
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
0
L
;
 
/
/
/
<
 
I
n
t
e
g
r
a
l
 
f
o
r
 
f
r
e
q
u
e
n
c
y
 
c
o
n
t
r
o
l
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
 
P
r
o
t
o
t
y
p
e
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
/
/
 
p
w
m
 
i
n
t
e
r
r
u
p
t
 
f
o
r
 
b
o
t
h
 
c
f
p
p
 
a
n
d
 
v
s
i
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
;
 
 /
/
/
 
P
D
P
I
N
T
 
V
S
I
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
;
 
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
4
8
 
/
/
/
 
X
I
N
T
1
 
H
V
 
D
C
 
O
v
e
r
 
v
o
l
t
a
g
e
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
a
n
d
 
s
t
a
r
t
s
 
t
h
e
 
P
W
M
 
o
u
t
p
u
t
s
 
(
V
S
I
)
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
A
D
C
 
f
o
r
 
s
a
m
p
l
i
n
g
 
t
r
i
g
g
e
r
e
d
 
b
y
 
P
W
M
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
a
l
i
b
r
a
t
e
s
 
t
h
e
 
a
d
c
 
f
o
r
 
g
a
i
n
 
a
n
d
 
o
f
f
s
e
t
 
u
s
i
n
g
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
i
n
p
u
t
s
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
;
 
 /
/
/
 
S
c
a
l
e
s
 
t
h
e
 
f
i
l
t
e
r
e
d
 
A
D
C
 
q
u
a
n
t
i
t
i
e
s
 
f
o
r
 
u
s
e
 
i
n
 
b
a
c
k
g
r
o
u
n
d
 
v
o
i
d
 
a
d
c
_
s
c
a
l
e
(
v
o
i
d
)
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
D
e
f
i
n
i
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 v
o
i
d
 
/
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
t
h
e
 
V
S
I
 
r
e
g
u
l
a
t
o
r
 
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
,
 
/
/
/
 
s
o
f
t
 
c
h
a
r
g
e
 
d
c
 
b
u
s
 
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
i
n
g
 
f
o
r
 
s
t
a
r
t
 
t
r
i
g
g
e
r
 
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
,
 
/
/
/
 
r
a
m
p
s
 
u
p
 
t
h
e
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
 
s
t
_
v
s
i
_
r
a
m
p
(
v
o
i
d
)
,
 
/
/
/
 
m
a
i
n
t
a
i
n
i
n
g
 
t
a
r
g
e
t
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
 
f
o
r
 
f
a
u
l
t
s
 
t
o
 
c
l
e
a
r
 
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
u
r
r
e
n
t
 
V
S
I
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
a
c
t
i
v
e
 
f
u
n
c
t
i
o
n
 
S
t
a
t
e
_
T
y
p
e
 
 
v
s
i
_
s
t
a
t
e
 
=
 
 
{
 
 
 
&
s
t
_
v
s
i
_
i
n
i
t
,
  
/
/
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
p
t
r
 
 
 
1
  
 
 
 
/
/
 
f
i
r
s
t
 
s
t
a
t
e
 
f
l
a
g
 
 
}
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
E
x
p
o
r
t
e
d
 
V
S
I
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 v
o
i
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
v
o
i
d
)
 
{
 
 
D
O
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
  
i
f
 
(
a
d
c
.
f
l
a
g
_
c
a
l
 
!
=
 
0
)
 
 
{
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
)
;
 
 
}
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
{
 
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
=
 
0
)
 
 
 
{
 
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
-
-
;
 
 
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
 
 
{
 
 
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
 
 
 
}
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
 
*
/
 
 /
*
 
C
h
e
c
k
 
s
y
s
t
e
m
 
s
t
a
t
u
s
.
 
\
r
e
t
u
r
n
s
 
S
t
a
t
u
s
 
o
f
 
t
h
e
 
S
y
s
t
e
m
 
\
r
e
t
v
a
l
 
1
 
 
s
y
s
t
e
m
 
r
u
n
n
i
n
g
 
\
r
e
t
v
a
l
 
0
 
 
s
y
s
t
e
m
 
s
t
o
p
p
e
d
 
\
r
e
t
v
a
l
 
-
1
 
 
s
y
s
t
e
m
 
f
a
u
l
t
e
d
 
*
/
 
i
n
t
1
6
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
(
v
o
i
d
)
 
{
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
 
r
e
t
u
r
n
 
-
1
;
 
 
e
l
s
e
 
 
 
r
e
t
u
r
n
 
1
;
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
4
9
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
 
*
/
 
 /
*
 
G
e
t
s
 
a
l
l
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
s
i
n
c
e
 
l
a
s
t
 
c
l
e
a
r
.
 
\
r
e
t
u
r
n
s
 
t
h
e
 
d
e
t
e
c
t
e
d
 
f
a
u
l
t
s
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
C
l
e
a
r
 
t
h
e
 
d
e
t
e
c
t
e
d
 
f
a
u
l
t
s
.
 
*
/
 
v
o
i
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
{
 
 
 
R
E
S
E
T
_
G
A
T
E
S
(
)
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
;
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
;
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
x
A
A
0
0
;
 
 
}
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
 
 
i
f
 
(
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
P
D
P
I
N
T
B
S
T
A
T
U
S
 
=
=
 
0
)
 
 
{
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
 
*
/
 
  /
*
 
R
e
a
d
s
 
f
i
l
t
e
r
e
d
 
a
n
d
 
s
c
a
l
e
d
 
h
v
d
c
2
,
 
r
e
t
u
r
n
i
n
g
 
H
V
D
C
2
 
b
u
s
 
v
o
l
t
a
g
e
 
i
n
 
D
C
 
V
o
l
t
s
 
*
/
 
d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
h
v
d
c
2
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
(
d
o
u
b
l
e
)
(
A
D
C
_
V
D
C
_
S
C
*
(
d
o
u
b
l
e
)
(
v
_
d
c
)
)
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
h
v
d
c
2
 
*
/
 
 d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
b
u
s
r
e
f
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
(
d
o
u
b
l
e
)
(
A
D
C
_
V
D
C
_
S
C
*
(
d
o
u
b
l
e
)
(
v
_
d
c
_
r
e
f
)
)
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
b
u
s
r
e
f
 
*
/
 
 /
*
 
R
e
a
d
s
 
f
i
l
t
e
r
e
d
 
a
n
d
 
s
c
a
l
e
d
 
i
a
c
_
a
,
 
r
e
t
u
r
n
i
n
g
 
P
h
a
s
e
 
A
 
c
u
r
r
e
n
t
 
i
n
 
A
r
m
s
 
*
/
 
d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
i
a
c
_
a
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
(
d
o
u
b
l
e
)
(
A
D
C
_
I
A
C
_
S
C
*
(
d
o
u
b
l
e
)
a
d
c
.
i
a
c
_
a
.
r
a
w
)
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
i
a
c
_
a
 
*
/
 
 /
*
 
R
e
a
d
s
 
f
i
l
t
e
r
e
d
 
a
n
d
 
s
c
a
l
e
d
 
i
a
c
_
b
,
 
r
e
t
u
r
n
i
n
g
 
P
h
a
s
e
 
B
 
c
u
r
r
e
n
t
 
i
n
 
A
r
m
s
 
*
/
 
d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
i
a
c
_
b
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
a
d
c
.
i
a
c
_
b
.
r
e
a
l
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
i
a
c
_
b
 
*
/
 
 /
*
 
R
e
a
d
s
 
f
i
l
t
e
r
e
d
 
a
n
d
 
s
c
a
l
e
d
 
i
d
c
,
 
r
e
t
u
r
n
i
n
g
 
P
h
a
s
e
 
C
 
c
u
r
r
e
n
t
 
i
n
 
A
r
m
s
 
*
/
 
d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
i
d
c
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
a
d
c
.
i
d
c
.
r
e
a
l
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
i
d
c
 
*
/
 
 /
*
 
R
e
a
d
s
 
f
i
l
t
e
r
e
d
 
a
n
d
 
s
c
a
l
e
d
 
v
a
c
,
 
r
e
t
u
r
n
i
n
g
 
S
u
p
p
l
y
 
V
o
l
t
a
g
e
 
i
n
 
V
r
m
s
 
*
/
 
d
o
u
b
l
e
 
v
s
i
_
g
e
t
_
v
a
c
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
a
d
c
.
v
a
c
.
r
e
a
l
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
v
a
c
 
*
/
 
 /
*
 
S
e
t
 
t
h
e
 
o
u
t
p
u
t
 
m
o
d
u
l
a
t
i
o
n
 
d
e
p
t
h
 
i
n
 
1
/
1
0
0
t
h
s
 
o
f
 
a
 
p
e
r
c
e
n
t
.
 
\
p
a
r
a
m
[
i
n
]
 
m
 
M
o
d
u
l
a
t
i
o
n
 
d
e
p
t
h
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
5
0
 
*
/
 
v
o
i
d
 
v
s
i
_
m
o
d
_
s
e
t
(
U
i
n
t
1
6
 
m
)
 
{
 
 
i
f
 
(
m
 
>
 
M
O
D
_
D
E
P
T
H
_
M
A
X
)
 
 
 
m
 
=
 
M
O
D
_
D
E
P
T
H
_
M
A
X
;
 
 
v
s
i
_
m
a
g
_
r
e
f
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
m
*
1
6
3
8
4
L
)
 
/
 
1
0
0
0
0
L
 
)
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
m
o
d
_
s
e
t
 
*
/
 
 /
/
 
S
e
t
 
t
h
e
 
b
u
s
 
v
o
l
t
a
g
e
 
r
e
f
e
r
e
n
c
e
 
v
o
i
d
 
b
u
s
_
r
e
f
_
s
e
t
(
d
o
u
b
l
e
 
v
)
 
{
 
 
v
_
d
c
_
r
e
f
 
=
 
(
i
n
t
1
6
)
(
v
/
A
D
C
_
V
D
C
_
S
C
)
;
 
}
 
/
*
 
e
n
d
 
b
u
s
_
r
e
f
_
s
e
t
 
*
/
 
 /
/
 
K
e
y
b
o
a
r
d
 
t
o
g
g
l
e
 
1
 
v
o
i
d
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
1
(
U
i
n
t
1
6
 
t
)
 
{
 
 
k
t
o
g
g
l
e
_
b
i
t
1
 
=
 
t
;
 
}
 
 /
/
 
K
e
y
b
o
a
r
d
 
t
o
g
g
l
e
 
2
 
v
o
i
d
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
2
(
U
i
n
t
1
6
 
t
)
 
{
 
 
k
t
o
g
g
l
e
_
b
i
t
2
 
=
 
t
;
 
}
 
 v
o
i
d
 
C
h
a
n
g
e
K
i
_
i
(
d
o
u
b
l
e
 
i
)
 
{
 
 
M
u
l
t
_
i
_
i
 
=
 
i
;
 
}
 
 v
o
i
d
 
C
h
a
n
g
e
K
p
_
i
(
d
o
u
b
l
e
 
p
)
 
{
 
 
M
u
l
t
_
p
_
i
 
=
 
p
;
 
}
 
 v
o
i
d
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
i
n
t
3
2
 
v
)
 
{
 
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
+
=
 
v
*
6
5
5
3
6
;
 
}
 
 /
*
 
S
e
t
 
t
h
e
 
f
u
n
d
a
m
e
n
t
a
l
 
f
r
e
q
u
e
n
c
y
 
i
n
 
1
/
1
0
t
h
s
 
o
f
 
a
 
H
z
 
\
p
a
r
a
m
[
i
n
]
 
f
 
f
u
n
d
a
m
e
n
t
a
l
 
f
r
e
q
u
e
n
c
y
 
*
/
 
v
o
i
d
 
v
s
i
_
f
f
_
s
e
t
(
U
i
n
t
1
6
 
f
)
 
{
 
 
i
f
 
(
f
 
>
 
F
_
F
R
E
Q
_
M
A
X
)
 
 
 
f
 
=
 
F
_
F
R
E
Q
_
M
A
X
;
 
 
e
l
s
e
 
i
f
 
(
f
 
<
 
F
_
F
R
E
Q
_
M
I
N
)
 
 
 
f
 
=
 
F
_
F
R
E
Q
_
M
I
N
;
 
  
/
/
 
a
t
o
m
i
c
 
l
o
a
d
 
o
f
 
n
e
w
 
p
h
a
s
e
_
s
t
e
p
 
 
p
h
a
s
e
_
s
t
e
p
 
=
 
(
U
i
n
t
3
2
)
(
 
(
d
o
u
b
l
e
)
f
/
1
0
.
0
*
6
5
5
3
6
.
0
*
6
5
5
3
6
.
0
/
f
i
n
t
_
v
s
i
 
+
 
0
.
5
 
)
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
f
f
_
s
e
t
 
*
/
 
 /
*
 
S
e
t
 
t
h
e
 
s
w
i
t
c
h
i
n
g
 
f
r
e
q
u
e
n
c
y
 
i
n
 
H
z
.
 
O
n
l
y
 
w
h
e
n
 
s
y
s
t
e
m
 
i
s
 
n
o
t
 
s
w
i
t
c
h
i
n
g
 
\
p
a
r
a
m
[
i
n
]
 
f
 
s
w
i
t
c
h
i
n
g
 
f
r
e
q
u
e
n
c
y
 
*
/
 
v
o
i
d
 
v
s
i
_
f
s
w
_
s
e
t
(
U
i
n
t
1
6
 
f
)
 
{
 
 
d
o
u
b
l
e
 
 
 
f
f
;
 
/
/
 
f
u
n
d
a
m
e
n
t
a
l
 
f
r
e
q
 
i
n
 
H
z
 
  
i
f
 
(
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
=
 
0
)
 
 
{
 
 
 
i
f
 
(
f
 
>
 
S
W
_
F
R
E
Q
_
M
A
X
)
 
 
 
 
f
 
=
 
S
W
_
F
R
E
Q
_
M
A
X
;
 
 
 
e
l
s
e
 
i
f
 
(
f
 
<
 
S
W
_
F
R
E
Q
_
M
I
N
)
 
 
 
 
f
 
=
 
S
W
_
F
R
E
Q
_
M
I
N
;
 
 
 
/
/
 
c
a
l
c
u
l
a
t
e
 
f
u
n
d
a
m
e
n
t
a
l
 
f
r
e
q
 
f
o
r
 
p
h
a
s
e
 
s
t
e
p
 
c
a
l
c
u
l
a
t
i
o
n
 
 
 
f
f
 
=
 
(
d
o
u
b
l
e
)
p
h
a
s
e
_
s
t
e
p
*
f
i
n
t
_
v
s
i
/
6
5
5
3
6
.
0
;
 
 
 
/
/
 
c
a
l
c
u
l
a
t
e
 
n
e
w
 
p
e
r
i
o
d
 
a
n
d
 
m
a
x
_
t
i
m
e
 
v
a
l
u
e
s
 
 
 
p
e
r
i
o
d
_
2
 
=
 
(
U
i
n
t
1
6
)
(
(
d
o
u
b
l
e
)
H
S
P
C
L
K
/
(
d
o
u
b
l
e
)
f
/
4
.
0
 
+
 
0
.
5
)
;
 
 
 
p
e
r
i
o
d
 
=
 
2
*
p
e
r
i
o
d
_
2
;
 
 
 
t
_
A
_
m
a
x
 
=
 
p
e
r
i
o
d
_
2
 
-
 
(
i
n
t
1
6
)
(
M
I
N
_
V
S
I
_
C
O
U
N
T
)
;
 
 
 
f
i
n
t
_
v
s
i
 
=
 
H
S
P
C
L
K
/
(
d
o
u
b
l
e
)
p
e
r
i
o
d
;
 
 
 
/
/
 
l
o
a
d
 
n
e
w
 
v
a
l
u
e
s
 
i
n
t
o
 
a
p
p
r
o
p
r
i
a
t
e
 
r
e
g
i
s
t
e
r
s
 
A
p
p
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d
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D
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P
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o
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C
o
d
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x
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S
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e
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T
3
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O
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b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
  
/
/
 
d
i
s
a
b
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e
 
t
i
m
e
r
 
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
E
v
b
R
e
g
s
.
T
4
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
E
v
b
R
e
g
s
.
T
3
P
R
 
=
 
p
e
r
i
o
d
;
 
 
 
E
v
b
R
e
g
s
.
T
4
P
R
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
;
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
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;
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
 
 
/
/
 
r
e
c
a
l
c
u
l
a
t
e
 
p
h
a
s
e
_
s
t
e
p
 
 
 
p
h
a
s
e
_
s
t
e
p
 
=
 
(
U
i
n
t
3
2
)
(
 
f
f
*
6
5
5
3
6
.
0
*
6
5
5
3
6
.
0
/
f
i
n
t
_
v
s
i
 
+
 
0
.
5
 
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
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f
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w
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s
e
t
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/
 
 /
*
 
R
e
t
r
i
e
v
e
 
p
r
e
s
e
n
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o
p
e
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a
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i
n
g
 
m
o
d
e
 
o
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v
s
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s
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t
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c
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n
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.
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r
e
t
u
r
n
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o
p
e
r
a
t
i
n
g
 
m
o
d
e
 
o
f
 
v
s
i
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
m
o
d
e
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
m
o
d
e
;
 
  
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
R
U
N
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
S
T
O
P
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
i
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
I
T
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
P
U
T
_
C
H
A
R
G
E
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
a
m
p
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
R
A
M
P
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
 
e
l
s
e
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
  
r
e
t
u
r
n
 
m
o
d
e
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
m
o
d
e
 
*
/
 
 
/
*
 
E
n
a
b
l
e
 
V
S
I
 
r
a
m
p
i
n
g
 
*
/
 
v
o
i
d
 
v
s
i
_
e
n
a
b
l
e
(
v
o
i
d
)
 
{
 
 
R
e
q
u
e
s
t
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
1
;
  
}
 
/
*
 
v
s
i
_
e
n
a
b
l
e
 
*
/
 
 /
*
 
D
i
s
a
b
l
e
 
V
S
I
 
r
a
m
p
i
n
g
 
*
/
 
v
o
i
d
 
v
s
i
_
d
i
s
a
b
l
e
(
v
o
i
d
)
 
{
 
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
}
 
/
*
 
v
s
i
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s
a
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l
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 #
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
p
w
m
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"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
 
{
 
 
 
U
i
n
t
1
6
 
t
i
m
e
r
_
d
i
r
 
=
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
3
S
T
A
T
;
 
 
 
 
 
S
E
T
_
L
E
D
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_
E
1
3
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=
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/
  
 
 
 
 
 
 
/
/
 
h
v
d
c
2
 
(
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
f
r
o
m
 
p
r
e
v
i
o
u
s
 
c
y
c
l
e
)
 
 
a
d
c
.
h
v
d
c
2
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
>
>
4
)
 
+
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
9
>
>
4
)
;
 
  
/
/
 
h
v
d
c
2
 
(
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
)
 
 
 
a
d
c
.
h
v
d
c
2
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
h
v
d
c
2
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
B
)
 
>
>
 
1
5
)
 
 
 
 
 
-
 
c
a
l
_
o
f
f
s
e
t
B
 
-
 
A
D
C
_
V
D
C
_
O
F
F
S
E
T
 
-
 
2
;
  
  
 
 
 
 
 
 
 
 
 
/
/
 
i
a
c
_
a
 
(
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
f
r
o
m
 
p
r
e
v
i
o
u
s
 
c
y
c
l
e
)
 
 
 
a
d
c
.
i
a
c
_
a
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
0
>
>
4
)
 
+
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
8
>
>
4
)
;
 
 
i
a
c
_
r
a
w
r
a
w
 
=
 
a
d
c
.
i
a
c
_
a
.
r
a
w
>
>
1
;
 
 
A
p
p
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d
ix
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P
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o
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C
o
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x
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S
y
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em
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/
/
 
i
a
c
_
a
 
(
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
)
 
 
a
d
c
.
i
a
c
_
a
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
i
a
c
_
a
.
r
a
w
*
(
i
n
t
3
2
)
(
c
a
l
_
g
a
i
n
A
)
)
 
>
>
 
1
5
)
 
 
 
 
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
A
D
C
_
I
A
C
_
O
F
F
S
E
T
;
 
 
 
 
 
 
 
 
/
/
 
v
a
c
 
(
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
f
r
o
m
 
p
r
e
v
i
o
u
s
 
c
y
c
l
e
)
 
 
 
a
d
c
.
v
a
c
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
3
>
>
4
)
 
+
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
1
>
>
4
)
;
 
 
 
 
 
/
/
 
v
a
c
 
(
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
)
 
 
a
d
c
.
v
a
c
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
v
a
c
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
B
)
 
>
>
 
1
5
)
 
 
 
 
 
-
 
c
a
l
_
o
f
f
s
e
t
B
 
-
 
A
D
C
_
V
A
C
_
O
F
F
S
E
T
;
  
 
 
 
 
 
 
 
 
 
 
  
/
/
 
c
a
l
i
b
r
a
t
i
o
n
 
f
r
o
m
 
r
e
f
e
r
e
n
c
e
s
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
6
>
>
4
)
;
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
4
>
>
4
)
;
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
7
>
>
4
)
;
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
5
>
>
4
)
;
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
+
+
;
 
 
i
f
 
(
a
d
c
.
c
o
u
n
t
_
c
a
l
 
>
 
A
D
C
_
C
O
U
N
T
_
C
A
L
)
 
 
{
 
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
1
;
 
 
}
 
  
/
/
 
R
e
i
n
i
t
i
a
l
i
z
e
 
f
o
r
 
n
e
x
t
 
A
D
C
 
s
e
q
u
e
n
c
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
R
S
T
_
S
E
Q
1
 
=
 
1
;
 
 
 
/
/
 
R
e
s
e
t
 
S
E
Q
1
 
  
/
/
 
f
a
s
t
 
f
i
l
t
e
r
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
h
v
d
c
2
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
h
v
d
c
2
.
f
i
l
t
 
+
 
a
d
c
.
h
v
d
c
2
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
i
a
c
_
a
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
i
a
c
_
a
.
f
i
l
t
 
+
 
a
d
c
.
i
a
c
_
a
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
 
 
a
d
c
.
v
a
c
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
v
a
c
.
f
i
l
t
 
+
 
a
d
c
.
v
a
c
.
r
a
w
 
+
 
2
)
>
>
2
;
  
 
 
 
v
_
d
c
 
=
 
a
d
c
.
h
v
d
c
2
.
f
i
l
t
;
 
 
 
 
i
_
i
n
 
=
 
a
d
c
.
i
a
c
_
a
.
r
a
w
;
 
 
 
 
 
i
f
(
i
_
i
n
 
<
 
0
)
 
 
{
 
 
 
a
b
s
_
i
_
i
n
 
=
 
-
i
_
i
n
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
a
b
s
_
i
_
i
n
 
=
 
i
_
i
n
;
 
 
 
}
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
y
n
c
h
r
o
n
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
i
f
 
(
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
b
i
t
.
C
A
P
1
F
I
F
O
 
!
=
 
0
)
 
 
{
 
 
 
Z
X
_
t
i
m
e
 
=
 
P
E
R
I
O
D
 
-
 
E
v
a
R
e
g
s
.
C
A
P
1
F
I
F
O
;
 
 
 
Z
X
_
s
e
e
n
 
=
 
1
;
 
  
 
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
d
u
m
p
 
a
n
y
 
o
t
h
e
r
 
c
a
p
t
u
r
e
d
 
v
a
l
u
e
s
 
 
 
 
 
 
/
/
 
s
e
t
 
f
l
a
g
 
t
o
 
r
u
n
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
1
;
 
 
 
 
 
u
p
d
a
t
e
_
a
b
s
_
v
a
c
_
p
k
 
=
 
1
;
 
 
 
 
 
/
/
 
M
a
k
e
 
s
u
r
e
 
s
t
a
r
t
-
u
p
 
o
c
c
u
r
s
 
a
t
 
a
 
z
e
r
o
-
c
r
o
s
s
i
n
g
 
 
 
i
f
(
R
e
q
u
e
s
t
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
=
 
1
)
 
 
 
{
 
 
 
 
R
e
q
u
e
s
t
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
 
 
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
1
;
 
 
 
 
V
S
I
_
E
N
A
B
L
E
(
)
;
 
 
 
}
 
 
 
 
 
 
/
/
 
t
o
g
g
l
e
 
b
i
t
 
 
 
 
i
f
(
t
o
g
g
l
e
_
b
i
t
1
)
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
5
3
 
 
 
{
 
 
 
 
S
E
T
_
T
P
1
2
(
)
;
 
 
 
 
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
 
 
 
 
 
}
 
 
 
 
e
l
s
e
 
 
 
 
{
 
 
 
 
 C
L
E
A
R
_
T
P
1
2
(
)
;
 
 
 
 
 t
o
g
g
l
e
_
b
i
t
1
 
=
 
1
;
 
 
 
 
}
 
 
 
 
 
 
}
 
  
Z
X
_
c
o
u
n
t
+
+
;
 
 
i
f
 
(
Z
X
_
c
o
u
n
t
 
>
 
Z
X
_
M
A
X
_
C
O
U
N
T
)
 /
*
 
Z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
i
g
n
a
l
 
l
o
s
t
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
{
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
/
*
 
H
a
l
t
 
m
o
d
u
l
a
t
i
o
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
;
  
/
*
 
R
e
s
t
a
r
t
 
s
e
a
r
c
h
i
n
g
 
f
o
r
 
s
y
n
c
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
}
 
  
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
L
O
S
T
)
  
/
*
 
N
o
 
i
d
e
a
 
o
f
 
a
n
y
t
h
i
n
g
:
 
s
t
a
r
t
 
f
r
e
q
 
e
s
t
.
*
/
 
 
{
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
;
 
 
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
E
S
T
;
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
E
S
T
)
 /
*
 
R
o
u
g
h
l
y
 
m
e
a
s
u
r
e
 
p
e
r
i
o
d
 
a
n
d
 
a
v
e
r
a
g
e
 
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
+
+
;
 
 
 
 
Z
X
_
s
u
m
 
+
=
 
Z
X
_
c
o
u
n
t
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
  
 
 
/
*
 
R
e
s
e
t
 
c
o
u
n
t
e
r
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
}
 
 
 
i
f
 
(
Z
X
_
c
y
c
l
e
s
 
>
=
 
Z
X
_
C
Y
C
L
E
_
A
V
G
)
 
 
 
{
 
 
 
 
Z
X
_
s
u
m
 
=
 
Z
X
_
s
u
m
/
Z
X
_
C
Y
C
L
E
_
A
V
G
;
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
=
 
(
(
U
i
n
t
3
2
)
(
0
x
F
F
F
F
/
Z
X
_
s
u
m
)
)
<
<
1
6
;
 
/
/
 
A
p
p
r
o
x
i
m
a
t
e
 
f
r
e
q
u
e
n
c
y
 
 
 
 
Z
X
_
s
u
m
 
-
=
 
Z
X
_
s
u
m
/
8
;
  
 
/
*
 
A
l
s
o
 
u
s
e
 
f
o
r
 
g
l
i
t
c
h
 
f
i
l
t
e
r
 
 
 
 
 
 
*
/
 
 
 
 
p
h
a
s
e
_
a
 
=
 
p
h
a
s
e
_
s
t
e
p
 
+
 
z
x
_
o
f
f
s
e
t
 
+
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
;
 /
*
 
W
i
t
h
i
n
 
p
h
a
s
e
_
s
t
e
p
 
*
/
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
M
I
S
C
;
 
/
*
 
C
a
l
c
u
l
a
t
e
 
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
 
f
i
r
s
t
 
 
*
/
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
S
Y
N
C
)
 
/
*
 
A
c
c
u
r
a
t
e
l
y
 
m
e
a
s
u
r
e
 
p
h
a
s
e
 
e
r
r
o
r
 
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
i
f
 
(
Z
X
_
c
o
u
n
t
 
>
 
Z
X
_
s
u
m
)
 
 
/
*
 
I
g
n
o
r
e
 
g
l
i
t
c
h
e
s
 
*
/
 
 
 
 
{
 
 
 
 
 
Z
X
_
c
o
u
n
t
_
g
r
a
b
 
=
 
Z
X
_
c
o
u
n
t
;
 
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
 
 
 
/
*
 
R
e
s
c
a
l
e
 
t
o
 
p
h
a
s
e
 
u
n
i
t
s
 
*
/
 
 
 
 
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
 
=
 
z
x
_
o
f
f
s
e
t
 
+
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
+
 
(
(
(
i
n
t
3
2
)
Z
X
_
t
i
m
e
*
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
)
>
>
5
)
;
 
 
 
 
 
/
*
 
C
a
l
c
u
l
a
t
e
 
p
h
a
s
e
 
e
r
r
o
r
 
c
a
p
t
u
r
e
d
 
t
i
m
e
 
*
/
 
 
 
 
 
Z
X
_
p
h
a
s
e
_
e
r
r
 
=
 
p
h
a
s
e
_
a
 
-
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
;
 
 
 
 
 
/
*
 
L
i
m
i
t
 
s
i
z
e
 
o
f
 
p
h
a
s
e
 
c
h
a
n
g
e
 
*
/
 
 
 
 
 
i
f
 
(
Z
X
_
p
h
a
s
e
_
e
r
r
 
>
 
Z
X
_
B
I
G
_
E
R
R
)
 
 
 
 
 
{
 
 
 
 
 
 
p
h
a
s
e
_
a
 
-
=
 
Z
X
_
B
I
G
_
E
R
R
;
 
 
 
 
 
 
/
/
 
I
n
t
e
g
r
a
t
e
 
p
h
a
s
e
 
e
r
r
o
r
s
 
 
 
 
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
(
Z
X
_
e
r
r
_
s
u
m
+
Z
X
_
B
I
G
_
E
R
R
)
>
>
1
;
 
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
p
h
a
s
e
_
e
r
r
 
<
 
-
Z
X
_
B
I
G
_
E
R
R
)
 
 
 
 
 
{
 
 
 
 
 
 
p
h
a
s
e
_
a
 
+
=
 
Z
X
_
B
I
G
_
E
R
R
;
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
5
4
 
 
 
 
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
(
Z
X
_
e
r
r
_
s
u
m
-
Z
X
_
B
I
G
_
E
R
R
)
>
>
1
;
 
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
 
 
 
 
{
 
 
 
 
 
 
p
h
a
s
e
_
a
 
-
=
 
Z
X
_
p
h
a
s
e
_
e
r
r
;
 
 
 
 
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
(
Z
X
_
e
r
r
_
s
u
m
+
Z
X
_
p
h
a
s
e
_
e
r
r
)
>
>
1
;
 
 
 
 
 
}
 
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
F
R
E
Q
;
 
 
 
 
}
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
F
R
E
Q
)
 /
*
 
N
u
d
g
e
 
f
r
e
q
u
e
n
c
y
 
i
f
 
n
e
e
d
e
d
 
*
/
 
 
{
 
 
 
/
*
 
I
f
 
t
o
o
 
l
a
r
g
e
,
 
n
u
d
g
e
 
f
r
e
q
 
(
p
h
a
s
e
_
s
t
e
p
)
 
*
/
 
 
 
i
f
 
(
Z
X
_
e
r
r
_
s
u
m
 
>
 
Z
X
_
F
R
E
Q
_
E
R
R
)
 
 
 
{
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
-
=
 
1
0
0
L
;
 
 
 
 
i
f
 
(
Z
X
_
e
r
r
_
s
u
m
 
>
 
Z
X
_
F
R
E
Q
_
E
R
R
_
B
I
G
)
 
 
 
 
{
 
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
-
=
 
1
0
0
0
L
;
 
 
 
 
}
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
e
r
r
_
s
u
m
 
<
 
-
Z
X
_
F
R
E
Q
_
E
R
R
)
 
 
 
{
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
+
=
 
1
0
0
L
;
 
 
 
 
i
f
 
(
Z
X
_
e
r
r
_
s
u
m
 
<
 
-
Z
X
_
F
R
E
Q
_
E
R
R
_
B
I
G
)
 
 
 
 
{
 
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
+
=
 
1
0
0
0
L
;
 
 
 
 
}
 
 
 
}
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
C
K
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
L
O
C
K
)
 /
*
 
T
e
s
t
 
t
o
 
s
e
e
 
i
f
 
s
t
i
l
l
 
i
n
 
s
y
n
c
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
i
n
_
s
y
n
c
 
>
=
 
Z
X
_
S
Y
N
C
_
L
I
M
I
T
)
 
 
 
{
 
 
 
 
i
f
 
(
(
Z
X
_
p
h
a
s
e
_
e
r
r
>
Z
X
_
P
H
A
S
E
_
E
R
R
)
|
|
(
Z
X
_
p
h
a
s
e
_
e
r
r
<
-
Z
X
_
P
H
A
S
E
_
E
R
R
)
)
 
 
 
 
{
  
 
 
 
 
/
*
 
G
o
n
e
 
o
u
t
 
o
f
 
s
y
n
c
 
*
/
 
 
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
 
 
/
/
D
I
G
I
O
5
_
C
L
E
A
R
(
)
;
 
 
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
 
}
 
 
 
 
e
l
s
e
 
 
 
 
{
 
 
 
 
 
/
/
D
I
G
I
O
5
_
S
E
T
(
)
;
 
 
 
 
 
i
n
_
s
y
n
c
 
=
 
1
;
 
 
 
 
}
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
(
Z
X
_
p
h
a
s
e
_
e
r
r
<
Z
X
_
P
H
A
S
E
_
E
R
R
)
&
&
(
Z
X
_
p
h
a
s
e
_
e
r
r
>
-
Z
X
_
P
H
A
S
E
_
E
R
R
)
)
 
 
 
{
  
 
 
 
 
 
/
*
 
I
n
 
s
y
n
c
 
t
h
i
s
 
c
y
c
l
e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
 
Z
X
_
i
n
_
s
y
n
c
+
+
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
{
 
 
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
}
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
M
I
S
C
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
M
I
S
C
)
 
 
{
 
 
 
Z
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r
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i
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i
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e
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i
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i
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u
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i
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i
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i
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;
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;
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p
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
G
r
a
b
 
C
o
d
e
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
  
 
 
 
 
i
f
 
(
 
G
r
a
b
R
u
n
n
i
n
g
(
)
 
&
&
 
(
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
=
 
1
)
 
)
 
 
 
 
  
{
 
 
  
 
G
r
a
b
S
t
o
r
e
(
0
,
(
d
o
u
b
l
e
)
m
o
d
_
s
i
g
n
a
l
)
;
 
 
 
 
  
 
G
r
a
b
S
t
o
r
e
(
1
,
(
d
o
u
b
l
e
)
a
d
c
.
i
a
c
_
a
.
r
a
w
)
;
 
 
 
  
 
G
r
a
b
S
t
o
r
e
(
2
,
(
d
o
u
b
l
e
)
a
b
s
_
v
a
c
)
;
 
 
  
 
G
r
a
b
S
t
e
p
(
)
;
 
 
  
}
 
 
  
 
 
 
 
 
 
C
L
E
A
R
_
L
E
D
0
_
E
1
3
(
)
;
 
  
/
/
 
p
r
e
p
a
r
e
 
f
o
r
 
n
e
x
t
 
i
n
t
e
r
r
u
p
t
 
 
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
I
N
T
_
S
E
Q
1
_
C
L
R
 
=
 
1
;
 
/
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
 
 
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
i
n
t
e
r
r
u
p
t
 
t
o
 
P
I
E
 
 
 
}
 
/
*
 
e
n
d
 
i
s
r
_
p
w
m
 
*
/
 
 /
*
 
H
a
n
d
l
e
s
 
t
h
e
 
P
D
P
I
N
T
 
i
n
t
e
r
r
u
p
t
 
c
a
u
s
e
d
 
b
y
 
a
 
g
a
t
e
 
d
r
i
v
e
r
 
f
a
u
l
t
.
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
v
s
i
_
p
d
p
i
n
t
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
 
{
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
t
h
i
s
 
i
n
t
e
r
r
u
p
t
 
t
o
 
r
e
c
e
i
v
e
 
m
o
r
e
 
i
n
t
e
r
r
u
p
t
s
 
f
r
o
m
 
g
r
o
u
p
 
1
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
}
 
/
*
 
e
n
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
 
*
/
 
 /
*
 
H
a
n
d
l
e
s
 
t
h
e
 
D
C
 
o
v
e
r
 
v
o
l
t
a
g
e
 
h
a
r
d
w
a
r
e
 
i
n
t
e
r
r
u
p
t
.
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
(
v
o
i
d
)
 
{
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
H
W
_
V
H
_
O
V
;
 
  
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
t
h
i
s
 
i
n
t
e
r
r
u
p
t
 
t
o
 
r
e
c
e
i
v
e
 
m
o
r
e
 
i
n
t
e
r
r
u
p
t
s
 
f
r
o
m
 
g
r
o
u
p
 
1
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
}
 
/
*
 
e
n
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
 
*
/
 
  /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
V
S
I
 
S
t
a
t
e
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
T
h
e
 
s
t
a
t
e
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
f
u
n
c
t
i
o
n
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
a
d
c
_
i
n
i
t
(
)
;
 
 
p
w
m
_
i
n
i
t
(
)
;
 
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
V
S
I
 
  
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
  
/
/
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
S
O
F
T
 
a
n
d
 
M
A
I
N
 
a
n
d
 
r
e
l
a
y
s
 
 
S
O
F
T
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
 
M
A
I
N
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
 
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
5
8
 
 
V
r
m
s
_
t
a
r
g
 
=
 
0
;
 
  
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
i
t
 
*
/
 
 /
*
 
T
h
i
s
 
s
t
a
t
e
 
c
l
o
s
e
s
 
t
h
e
 
s
o
f
t
 
c
h
a
r
g
e
 
r
e
l
a
y
 
a
n
d
 
w
a
i
t
s
 
f
o
r
 
t
h
e
 
i
n
p
u
t
 
D
C
 
b
u
s
 
c
a
p
a
c
i
t
o
r
s
 
t
o
 
c
h
a
r
g
e
.
 
I
t
 
w
i
l
l
 
n
o
t
 
c
o
n
t
i
n
u
e
 
i
f
 
t
h
e
 
i
n
p
u
t
 
v
o
l
t
a
g
e
 
i
s
 
t
o
o
 
l
o
w
,
 
b
u
t
 
w
i
l
l
 
w
a
i
t
 
u
n
t
i
l
 
t
h
e
 
i
n
p
u
t
 
v
o
l
t
a
g
e
 
r
i
s
e
s
.
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
  
 
S
O
F
T
_
R
E
L
A
Y
_
O
N
(
)
;
 
 
 
M
A
I
N
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
  
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
5
0
0
0
;
 
/
/
 
m
s
e
c
 
 
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
 
 
p
u
t
s
_
C
O
M
0
(
"
c
"
)
;
 
 
}
 
  
/
/
 
c
h
e
c
k
 
f
o
r
 
f
a
u
l
t
s
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
=
 
0
)
 
 
{
 
 
 
/
/
 
t
e
s
t
 
f
o
r
 
a
c
c
e
p
t
a
b
l
e
 
H
V
D
C
2
 
b
u
s
 
v
o
l
t
a
g
e
 
a
f
t
e
r
 
c
h
a
r
g
i
n
g
 
 
 
i
f
 
(
1
)
 
/
/
 
a
d
c
.
h
v
d
c
2
.
f
i
l
t
 
>
=
 
V
S
I
_
H
V
D
C
2
_
U
V
 
 
 
{
 
 
 
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
 
 
 
 
 
 
 
S
O
F
T
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
 
 
 
M
A
I
N
_
R
E
L
A
Y
_
O
N
(
)
;
 
 
 
 
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
{
 
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
C
H
A
R
G
E
;
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
 
r
e
t
u
r
n
;
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
 
*
/
 
 /
*
 
T
h
e
 
S
t
o
p
p
e
d
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
/
/
 
t
u
r
n
 
o
f
f
 
o
u
t
p
u
t
s
 
 
 
v
s
i
_
m
a
g
 
=
 
0
;
 
 
 
p
u
t
s
_
C
O
M
0
(
"
S
"
)
;
 
 
}
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
!
=
 
0
)
 
/
/
 
s
t
a
r
t
 
t
r
i
g
g
e
r
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
s
t
o
p
 
*
/
 
 /
*
 
T
h
e
 
r
a
m
p
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
w
h
i
c
h
 
r
a
m
p
s
 
t
h
e
 
t
a
r
g
e
t
 
o
u
t
p
u
t
 
p
e
a
k
 
v
o
l
t
a
g
e
 
u
p
 
t
o
 
t
h
e
 
t
a
r
g
e
t
 
v
o
l
t
a
g
e
.
 
N
o
t
e
s
:
 
 
T
h
i
s
 
r
a
m
p
 
r
a
t
e
 
i
s
 
d
e
t
e
r
m
i
n
e
d
 
b
y
 
t
h
e
 
s
t
e
p
 
s
i
z
e
 
S
T
E
P
_
M
O
D
_
S
 
a
n
d
 
t
h
e
 
c
a
l
l
i
n
g
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
5
9
 
f
r
e
q
u
e
n
c
y
 
o
f
 
t
h
i
s
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
w
h
i
c
h
 
i
s
 
a
s
s
u
m
e
d
 
t
o
 
b
e
 
1
m
s
e
c
.
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
r
a
m
p
(
v
o
i
d
)
 
{
  
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
;
 
/
/
 
f
o
r
c
e
 
n
e
x
t
 
s
t
a
t
e
 
 
 }
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
r
a
m
p
 
*
/
 
 /
*
 
T
h
e
 
V
S
I
 
i
s
 
r
u
n
n
i
n
g
 
a
n
d
 
f
o
l
l
o
w
i
n
g
 
t
h
e
 
r
e
f
e
r
e
n
c
e
.
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
p
u
t
s
_
C
O
M
0
(
"
R
"
)
;
 
 
}
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
s
t
o
p
 
s
i
g
n
a
l
 
 
i
f
 
(
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
/
/
 
f
o
l
l
o
w
 
c
h
a
n
g
e
s
 
i
n
 
r
e
f
e
r
e
n
c
e
 
 
v
s
i
_
m
a
g
 
=
 
v
s
i
_
m
a
g
_
r
e
f
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
r
u
n
 
*
/
 
 /
*
 
D
e
l
a
y
s
 
f
o
r
 
a
 
w
h
i
l
e
 
a
f
t
e
r
 
f
a
u
l
t
s
 
a
r
e
 
c
l
e
a
r
e
d
.
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
/
/
 
t
u
r
n
 
o
f
f
 
o
u
t
p
u
t
s
 
  
 
S
O
F
T
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
 
 
M
A
I
N
_
R
E
L
A
Y
_
O
F
F
(
)
;
 
  
 
i
s
_
v
s
i
_
s
w
i
t
c
h
i
n
g
 
=
 
0
;
 
 
 
v
s
i
_
m
a
g
 
=
 
0
;
 
/
/
 
r
e
s
e
t
 
t
a
r
g
e
t
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
F
A
U
L
T
_
C
L
E
A
R
_
T
I
M
E
;
 
/
/
 
m
s
e
c
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
/
/
 
m
s
e
c
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
R
A
M
P
]
 
=
 
1
0
0
;
 
/
/
m
s
e
c
 
 
 
p
u
t
s
_
C
O
M
0
(
"
F
"
)
;
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
+
+
;
 
 
}
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
<
 
F
A
U
L
T
_
L
O
C
K
O
U
T
_
M
A
X
)
 
 
{
 
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
=
 
0
)
 
 
 
{
 
 
 
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
(
)
;
 
 
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
=
 
0
)
 
 
 
 
{
 
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
;
 
 
 
 
}
 
 
 
 
e
l
s
e
 
 
 
 
{
 
 
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
5
0
0
0
;
 
/
/
 
m
s
e
c
 
 
 
 
}
 
 
 
}
 
 
}
 
 
e
l
s
e
 
/
/
 
s
t
o
p
 
f
a
u
l
t
 
c
l
e
a
r
i
n
g
 
t
i
m
e
r
 
g
e
t
t
i
n
g
 
t
o
 
z
e
r
o
 
w
h
e
n
 
l
o
c
k
e
d
 
o
u
t
 
 
{
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
/
/
 
m
s
e
c
 
 
}
 
 }
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
f
a
u
l
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
I
n
i
t
i
a
l
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
 
{
 
/
/
 
D
i
s
a
b
l
e
 
C
P
U
 
i
n
t
e
r
r
u
p
t
s
 
 
D
I
N
T
;
 
 
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
6
0
 
 
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
i
n
p
u
t
 
c
u
r
r
e
n
t
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
i
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
I
*
A
D
C
_
I
A
C
_
S
C
)
;
 
 
K
i
_
i
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
I
*
A
D
C
_
I
A
C
_
S
C
)
/
(
T
R
_
I
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
  
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
b
u
s
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
v
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
V
*
A
D
C
_
V
D
C
_
S
C
/
A
D
C
_
I
A
C
_
S
C
)
;
 
 
K
i
_
v
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
V
*
A
D
C
_
V
D
C
_
S
C
/
A
D
C
_
I
A
C
_
S
C
)
/
(
T
R
_
V
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
  
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
/
/
 
r
e
s
e
t
 
P
W
M
 
A
c
t
i
o
n
 
R
e
g
i
s
t
e
r
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
  
/
/
 
d
i
s
a
b
l
e
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
A
 
i
n
t
e
r
r
u
p
t
s
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
C
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
D
B
T
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
T
1
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
  
/
/
 
R
e
s
e
t
 
t
i
m
e
r
 
1
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
x
0
0
0
0
;
 
  
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
/
/
 
r
e
s
e
t
 
P
W
M
 
A
c
t
i
o
n
 
R
e
g
i
s
t
e
r
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
  
/
/
 
d
i
s
a
b
l
e
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
B
 
i
n
t
e
r
r
u
p
t
s
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
C
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
  
/
/
 
R
e
s
e
t
 
t
i
m
e
r
 
3
 
 
E
v
b
R
e
g
s
.
T
4
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
  
E
A
L
L
O
W
;
 
 
/
/
 
s
e
t
 
u
p
 
V
S
I
 
o
u
t
p
u
t
s
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
1
_
G
P
I
O
A
0
 
=
 
0
;
/
/
 
d
i
s
a
b
l
e
 
P
W
M
1
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
2
_
G
P
I
O
A
1
 
=
 
0
;
/
/
 
d
i
s
a
b
l
e
 
P
W
M
2
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
3
_
G
P
I
O
A
2
 
=
 
0
;
/
/
 
d
i
s
a
b
l
e
 
P
W
M
3
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
4
_
G
P
I
O
A
3
 
=
 
0
;
/
/
 
d
i
s
a
b
l
e
 
P
W
M
4
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
7
_
G
P
I
O
B
0
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
7
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
8
_
G
P
I
O
B
1
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
8
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
9
_
G
P
I
O
B
2
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
9
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
0
_
G
P
I
O
B
3
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
0
 
p
i
n
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
D
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
E
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
E
D
I
S
;
 
  
/
*
 D
B
T
  
D
B
T
P
S
 
 
t
i
m
e
 
 
 
9
  
2
  
 
0
.
2
4
 
 
 
9
  
3
  
 
0
.
6
 
 
 
9
  
4
  
 
1
.
2
 
 
 
1
2
 3
  
 
0
.
8
 
 
*
/
 
 
 
 
/
/
 
C
a
p
t
u
r
e
 
1
 
g
e
t
s
 
T
i
m
e
r
 
2
 
o
n
 
r
i
s
i
n
g
 
e
d
g
e
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
P
R
E
S
 
=
 
1
;
 
/
/
 
R
e
l
e
a
s
e
 
f
r
o
m
 
r
e
s
e
t
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
P
1
E
D
G
E
 
=
 
1
;
 
/
/
 
R
i
s
i
n
g
 
e
d
g
e
 
o
n
 
c
a
p
t
u
r
e
 
1
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
P
1
2
E
N
 
=
 
1
;
 
/
/
 
E
n
a
b
l
e
 
c
a
p
t
u
r
e
s
 
1
 
a
n
d
 
2
 
  
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
;
  
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
i
n
t
e
r
r
u
p
t
s
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
b
i
t
.
P
D
P
I
N
T
A
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
 
o
n
 
p
d
p
i
n
t
a
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
P
D
P
I
N
T
A
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
 
/
/
  
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
b
i
t
.
D
B
T
 
=
 
9
;
 
/
/
 
f
o
r
 
H
S
P
C
L
K
 
=
 
1
5
0
M
H
z
 
D
B
T
 
=
 
9
 
a
n
d
 
D
B
T
P
S
 
=
 
4
 
g
i
v
e
 
a
 
d
e
a
d
t
i
m
e
 
=
 
0
.
9
6
u
s
 
 
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
b
i
t
.
D
B
T
 
=
 
0
;
 
/
/
 
n
o
 
d
e
a
d
t
i
m
e
!
 
 
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
b
i
t
.
D
B
T
P
S
 
=
 
4
;
 
  
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
b
i
t
.
E
D
B
T
1
 
=
 
1
;
 
 
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
b
i
t
.
E
D
B
T
2
 
=
 
1
;
 
  
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
;
  
 
/
/
 
5
0
%
 
d
u
t
y
 
c
y
c
l
e
 
f
o
r
 
V
S
I
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
2
;
 
  
/
/
 
C
o
m
p
a
r
e
 
a
c
t
i
o
n
 
c
o
n
t
r
o
l
.
 
 
A
c
t
i
o
n
 
t
h
a
t
 
t
a
k
e
s
 
p
l
a
c
e
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
6
1
 
 
/
/
 
o
n
 
a
 
c
o
m
p
a
r
e
 
e
v
e
n
t
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
C
L
D
 
=
 
1
;
  
/
/
 
r
e
l
o
a
d
 
C
M
P
R
x
 
o
n
 
u
n
d
e
r
f
l
o
w
 
o
r
 
p
e
r
i
o
d
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
S
V
E
N
A
B
L
E
 
=
 
0
;
 
/
/
 
d
i
s
a
b
l
e
 
s
p
a
c
e
 
v
e
c
t
o
r
 
P
W
M
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
A
C
T
R
L
D
 
=
 
2
;
  
/
/
 
r
e
l
o
a
d
 
A
C
T
R
 
i
m
m
e
d
i
a
t
e
l
y
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
F
C
O
M
P
O
E
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
f
u
l
l
 
c
o
m
p
a
r
e
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
C
E
N
A
B
L
E
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
c
o
m
p
a
r
e
 
o
p
e
r
a
t
i
o
n
 
  
/
/
 
I
n
i
t
i
a
l
i
s
e
 
t
i
m
e
r
 
1
 
f
o
r
 
p
w
m
 
a
n
d
 
t
i
m
e
r
 
2
 
f
o
r
 
A
D
C
 
t
r
i
g
g
e
r
 
 
E
v
b
R
e
g
s
.
T
3
P
R
 
=
 
p
e
r
i
o
d
;
 
 
E
v
b
R
e
g
s
.
T
4
P
R
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
  
/
/
 
D
r
i
v
e
 
P
W
M
7
-
1
0
 
b
y
 
c
o
m
p
a
r
e
 
l
o
g
i
c
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
4
T
O
A
D
C
 
=
 
2
;
 /
/
 
p
e
r
i
o
d
 
i
n
t
 
f
l
a
g
 
s
t
a
r
t
s
 
A
D
C
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
C
M
P
O
E
 
=
 
1
;
 
  
/
/
 
S
e
t
u
p
 
a
n
d
 
l
o
a
d
 
A
C
T
R
A
 
 
/
/
 
o
u
t
p
u
t
 
p
i
n
 
1
 
C
M
P
R
4
 
-
 
a
c
t
i
v
e
 
h
i
g
h
 
 
/
/
 
o
u
t
p
u
t
 
p
i
n
 
2
 
C
M
P
R
4
 
-
 
a
c
t
i
v
e
 
l
o
w
 
 
/
/
 
o
u
t
p
u
t
 
p
i
n
 
3
 
C
M
P
R
5
 
-
 
a
c
t
i
v
e
 
h
i
g
h
 
 
/
/
 
o
u
t
p
u
t
 
p
i
n
 
4
 
C
M
P
R
5
 
-
 
a
c
t
i
v
e
 
l
o
w
 
 
/
/
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
6
6
;
 
 
 
/
/
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
v
e
c
t
o
r
s
 
t
o
 
I
S
R
 
f
u
n
c
t
i
o
n
s
 
 
E
A
L
L
O
W
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
A
D
C
I
N
T
 
=
 
&
i
s
r
_
p
w
m
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
P
D
P
I
N
T
B
 
=
 
&
i
s
r
_
v
s
i
_
p
d
p
i
n
t
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
X
I
N
T
1
 
=
 
&
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
;
 
/
/
 P
i
e
V
e
c
t
T
a
b
l
e
.
X
I
N
T
2
 
=
 
&
i
s
r
_
v
s
i
_
o
v
e
r
_
c
u
r
r
e
n
t
;
 
 
E
D
I
S
;
 
  
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
;
  
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
i
n
t
e
r
r
u
p
t
s
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
b
i
t
.
T
3
U
F
I
N
T
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
 
o
n
 
u
n
d
e
r
f
l
o
w
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
U
F
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
  
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
b
i
t
.
P
D
P
I
N
T
B
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
 
o
n
 
p
d
p
i
n
t
a
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
P
D
P
I
N
T
B
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 /
/
 
C
o
n
f
i
g
u
r
e
 
X
I
N
T
1
 
f
o
r
 
f
a
l
l
i
n
g
 
e
d
g
e
 
t
r
i
g
g
e
r
e
d
 
i
n
t
e
r
r
u
p
t
 
(
V
S
I
 
o
v
e
r
 
c
u
r
r
e
n
t
)
 
 
X
I
n
t
r
u
p
t
R
e
g
s
.
X
I
N
T
1
C
R
.
b
i
t
.
P
O
L
A
R
I
T
Y
 
=
 
0
;
 
 
X
I
n
t
r
u
p
t
R
e
g
s
.
X
I
N
T
1
C
R
.
b
i
t
.
E
N
A
B
L
E
 
=
 
1
;
 
 /
/
 
E
n
a
b
l
e
 
P
D
P
I
N
T
B
 
i
n
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
2
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
2
 
=
 
1
;
 
/
/
 
E
n
a
b
l
e
 
X
I
N
T
1
 
i
n
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
4
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
4
 
=
 
1
;
 
/
/
 
E
n
a
b
l
e
 
A
D
C
 
i
n
t
e
r
r
u
p
t
 
i
n
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
6
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
6
 
=
 
1
;
 
  
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
  
E
I
N
T
;
 
  
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
I
N
T
_
S
E
Q
1
_
C
L
R
 
=
 
1
;
 
/
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
 
 
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
i
n
t
e
r
r
u
p
t
 
t
o
 
P
I
E
 
  
/
*
 
S
e
t
u
p
 
a
n
d
 
l
o
a
d
 
T
4
C
O
N
 
t
o
 
s
t
a
r
t
 
w
i
t
h
 
t
i
m
e
r
 
3
 
*
/
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
2
;
  
/
/
 
c
o
n
t
i
n
u
o
u
s
 
u
p
 
c
o
u
n
t
 
m
o
d
e
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
4
S
W
T
3
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
f
r
o
m
 
t
i
m
e
r
 
3
 
e
n
a
b
l
e
 
  
/
*
 
S
e
t
u
p
 
a
n
d
 
l
o
a
d
 
T
1
C
O
N
 
t
o
 
s
t
a
r
t
 
o
p
e
r
a
t
i
o
n
 
*
/
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
1
;
  
/
/
 
c
o
n
t
i
n
u
o
u
s
 
u
p
/
d
o
w
n
 
c
o
u
n
t
 
m
o
d
e
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
 
c
o
m
p
a
r
e
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
  
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
}
 
/
*
 
e
n
d
 
p
w
m
_
i
n
i
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
D
C
s
 
I
n
i
t
i
a
l
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
1
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
  
A
d
c
R
e
g
s
.
A
D
C
M
A
X
C
O
N
V
.
a
l
l
 
=
 
0
x
0
0
0
7
;
  
/
/
 
S
e
t
u
p
 
8
 
c
o
n
v
'
s
 
o
n
 
S
E
Q
1
,
 
S
E
Q
2
 
 
A
p
p
en
d
ix
 C
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
1
 
2
6
2
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
0
 
=
 
0
x
0
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
0
 
a
s
 
1
s
t
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
1
 
=
 
0
x
1
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
1
 
a
s
 
2
n
d
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
2
 
=
 
0
x
3
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
3
 
a
s
 
3
r
d
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
3
 
=
 
0
x
6
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
6
 
a
s
 
4
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
4
 
=
 
0
x
0
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
0
 
a
s
 
5
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
5
 
=
 
0
x
1
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
1
 
a
s
 
6
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
6
 
=
 
0
x
3
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
3
 
a
s
 
7
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
7
 
=
 
0
x
7
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
7
 
a
s
 
8
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
1
.
b
i
t
.
A
C
Q
_
P
S
 
=
 
1
;
  
 
/
/
 
l
e
n
g
t
h
e
n
 
a
c
q
 
w
i
n
d
o
w
 
s
i
z
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
1
.
b
i
t
.
S
E
Q
_
C
A
S
C
 
=
 
1
;
 
 
/
/
 
c
a
s
c
a
d
e
d
 
s
e
q
u
e
n
c
e
r
 
m
o
d
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
E
V
B
_
S
O
C
_
S
E
Q
 
=
 
1
;
 /
/
 
E
V
 
m
a
n
a
g
e
r
 
s
t
a
r
t
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
I
N
T
_
E
N
A
_
S
E
Q
1
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
I
N
T
_
M
O
D
_
S
E
Q
1
 
=
 
0
;
 /
/
 
i
n
t
 
a
t
 
e
n
d
 
o
f
 
e
v
e
r
y
 
S
E
Q
1
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
3
.
b
i
t
.
S
M
O
D
E
_
S
E
L
 
=
 
1
;
  
/
/
 
s
i
m
u
l
t
a
n
e
o
u
s
 
s
a
m
p
l
i
n
g
 
m
o
d
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
3
.
b
i
t
.
A
D
C
C
L
K
P
S
 
=
 
0
x
0
4
;
 /
/
 
A
D
C
L
K
 
=
 
H
S
P
C
L
K
/
8
 
(
9
.
3
7
5
M
H
z
)
 
/
*
*
 
\
p
a
r
 
A
D
C
 
R
e
s
u
l
t
 
r
e
g
i
s
t
e
r
s
 
a
s
 
f
o
l
l
o
w
s
 
 -
 
A
D
C
R
E
S
U
L
T
0
 =
 A
D
C
I
N
A
0
 
I
A
C
1
 
=
 
i
a
c
_
a
 
-
 
A
D
C
R
E
S
U
L
T
1
 =
 A
D
C
I
N
B
0
 
V
D
C
3
 
=
 
h
v
d
c
2
 
-
 
A
D
C
R
E
S
U
L
T
2
 =
 A
D
C
I
N
A
1
 
I
A
C
2
 
=
 
i
a
c
_
b
 
-
 
A
D
C
R
E
S
U
L
T
3
 =
 A
D
C
I
N
B
1
 
V
A
C
2
 
=
 
v
a
c
 
-
 
A
D
C
R
E
S
U
L
T
4
 =
 A
D
C
I
N
A
3
 
I
D
C
1
 
=
 
i
d
c
 
-
 
A
D
C
R
E
S
U
L
T
5
 =
 A
D
C
I
N
B
3
 
V
D
C
2
 
=
 
u
n
u
s
e
d
 
-
 
A
D
C
R
E
S
U
L
T
6
 =
 A
D
C
I
N
A
6
 
y
H
A
 
-
 
A
D
C
R
E
S
U
L
T
7
 =
 A
D
C
I
N
B
6
 
y
H
B
 
-
 
A
D
C
R
E
S
U
L
T
8
 =
 A
D
C
I
N
A
0
 
I
A
C
1
 
=
 
i
a
c
_
a
 
-
 
A
D
C
R
E
S
U
L
T
9
 =
 A
D
C
I
N
B
0
 
V
D
C
3
 
=
 
h
v
d
c
2
 
-
 
A
D
C
R
E
S
U
L
T
1
0
 =
 A
D
C
I
N
A
1
 
I
A
C
2
 
=
 
i
a
c
_
b
 
-
 
A
D
C
R
E
S
U
L
T
1
1
 =
 A
D
C
I
N
B
1
 
V
A
C
2
 
=
 
v
a
c
 
-
 
A
D
C
R
E
S
U
L
T
1
2
 =
 A
D
C
I
N
A
3
 
I
D
C
1
 
=
 
i
d
c
 
-
 
A
D
C
R
E
S
U
L
T
1
3
 =
 A
D
C
I
N
B
3
 
V
D
C
2
 
=
 
u
n
u
s
e
d
 
-
 
A
D
C
R
E
S
U
L
T
1
4
 =
 A
D
C
I
N
A
7
 
y
L
A
 
-
 
A
D
C
R
E
S
U
L
T
1
5
 =
 A
D
C
I
N
B
7
 
y
L
B
 
 *
/
 
}
 
/
*
 
e
n
d
 
a
d
c
_
i
n
i
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
D
C
s
 
C
a
l
i
b
r
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
 
{
 
/
/
 c
h
a
r
 
/
/
  
s
t
r
[
6
0
]
;
 
 
d
o
u
b
l
e
 
 
 
y
H
A
 
=
 
0
.
0
,
 
 
 
y
L
A
,
 
 
 
y
H
B
,
 
 
 
y
L
B
;
 
  
y
H
A
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
L
A
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
H
B
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
L
B
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
  
c
a
l
_
g
a
i
n
_
A
 
=
 
(
x
H
 
-
 
x
L
)
/
(
y
H
A
 
-
 
y
L
A
)
;
 
 
c
a
l
_
o
f
f
s
e
t
_
A
 
=
 
y
L
A
 
*
 
c
a
l
_
g
a
i
n
_
A
 
-
 
x
L
;
 
  
c
a
l
_
g
a
i
n
_
B
 
=
 
(
x
H
 
-
 
x
L
)
/
(
y
H
B
 
-
 
y
L
B
)
;
 
 
c
a
l
_
o
f
f
s
e
t
_
B
 
=
 
y
L
B
 
*
 
c
a
l
_
g
a
i
n
_
B
 
-
 
x
L
;
 
  
/
/
 
s
a
n
i
t
y
 
c
h
e
c
k
 
o
n
 
g
a
i
n
s
 
 
i
f
 
(
 
 
 
(
 
(
c
a
l
_
g
a
i
n
_
A
 
>
 
0
.
9
5
)
 
&
&
 
(
c
a
l
_
g
a
i
n
_
A
 
<
 
1
.
0
5
)
 
)
 
 
 
&
&
 
(
 
(
c
a
l
_
g
a
i
n
_
B
 
>
 
0
.
9
5
)
 
&
&
 
(
c
a
l
_
g
a
i
n
_
B
 
<
 
1
.
0
5
)
 
)
 
 
 
&
&
 
(
 
(
c
a
l
_
o
f
f
s
e
t
_
A
 
>
 
-
8
0
.
0
)
 
&
&
 
(
c
a
l
_
o
f
f
s
e
t
_
A
 
<
 
8
0
.
0
)
 
)
 
 
 
&
&
 
(
 
(
c
a
l
_
o
f
f
s
e
t
_
B
 
>
 
-
8
0
.
0
)
 
&
&
 
(
c
a
l
_
o
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Appendix D 
DSP Source Code: 
Experimental System #2 
 This appendix provides the TMS320F2810 DSP C source code used in 
experimental system #2. 
D.1. Background Routines – Header File 
// main.h (Background H-File for System #2) 
 
/* ========================================================== */ 
/* Definitions */ 
/* ========================================================== */ 
 
#define SYSCLK_OUT  (150e6)  ///< System Clock Frequency 
#define HSPCLK   (SYSCLK_OUT) ///< HSP Clock Frequency 
#define LSPCLK    (SYSCLK_OUT/4) ///< LSP Clock Frequency 
 
/* boot ROM sine table definitions */ 
#define TABLE_SIZE  512 
#define MAX_SINE_TABLE  16384 
 
#define SW_FREQ_VSI   5000.0 ///< switching freq in Hz (sample at 10kHz) 
 
/* ========================================================== */ 
/* State Machine Definitions */ 
/* ========================================================== */ 
 
/// State function type 
typedef void (* funcPtr)(void); 
 
/// Simple state machine type 
typedef struct 
{ 
 funcPtr f;  ///< Pointer to present state function 
 int first;      ///< Flag set for first execution of present state function 
} State_Type; 
 
/* State Handling Macros */ 
/// Set the next State to be run. 
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 /
/
/
 
T
i
m
e
 
r
e
l
a
t
e
d
 
f
l
a
g
 
t
y
p
e
 
/
*
*
 
T
h
i
s
 
s
t
r
u
c
t
u
r
e
 
h
o
l
d
s
 
f
l
a
g
s
 
u
s
e
d
 
i
n
 
b
a
c
k
g
r
o
u
n
d
 
t
i
m
i
n
g
.
 
*
/
 
t
y
p
e
d
e
f
 
s
t
r
u
c
t
 
{
 
 
U
i
n
t
1
6
 
 
 
m
s
e
c
:
1
,
  
 
 
/
/
/
<
 
m
i
l
l
i
s
e
c
o
n
d
 
f
l
a
g
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
6
7
 
 
 
s
e
c
0
_
1
:
1
,
  
 
/
/
/
<
 
t
e
n
t
h
 
o
f
 
a
 
s
e
c
o
n
d
 
f
l
a
g
 
 
 
s
e
c
:
1
;
  
 
 
/
/
/
<
 
s
e
c
o
n
d
 
f
l
a
g
 
}
 
t
y
p
e
_
f
l
a
g
;
 
 /
/
/
 
T
i
m
e
 
t
y
p
e
 
/
*
*
 
T
h
i
s
 
s
t
r
u
c
t
u
r
e
 
h
o
l
d
s
 
t
h
e
 
v
a
r
i
a
b
l
e
s
 
u
s
e
d
 
i
n
 
b
a
c
k
g
r
o
u
n
d
 
t
i
m
i
n
g
.
 
*
/
 
t
y
p
e
d
e
f
 
s
t
r
u
c
t
 
{
 
 
t
y
p
e
_
f
l
a
g
 
 
 
f
l
a
g
;
 
 
 
 
/
/
/
<
 
b
i
t
w
i
s
e
 
f
l
a
g
 
s
t
r
u
c
t
u
r
e
 
 
U
i
n
t
1
6
 
 
 
c
o
u
n
t
_
m
s
e
c
;
 
 
 
/
/
/
<
 
c
o
u
n
t
 
o
f
 
m
i
l
l
i
s
e
c
o
n
d
s
 
s
i
n
c
e
 
l
a
s
t
 
s
e
c
o
n
d
 
e
v
e
n
t
 
}
 
t
y
p
e
_
t
i
m
e
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
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=
=
=
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=
=
=
=
=
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=
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=
=
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=
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/
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*
 
V
a
r
i
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b
l
e
s
 
*
/
 
/
*
 
=
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=
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=
=
=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 #
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
/
/
 
T
h
e
s
e
 
a
r
e
 
d
e
f
i
n
e
d
 
b
y
 
t
h
e
 
l
i
n
k
e
r
 
(
s
e
e
 
b
u
i
l
d
_
f
l
a
s
h
.
c
m
d
)
 
e
x
t
e
r
n
 
U
i
n
t
1
6
 
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
;
 
e
x
t
e
r
n
 
U
i
n
t
1
6
 
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
;
 
e
x
t
e
r
n
 
U
i
n
t
1
6
 
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
;
 
#
e
n
d
i
f
 
 /
/
 
B
a
c
k
g
r
o
u
n
d
 
v
a
r
i
a
b
l
e
s
 
U
i
n
t
1
6
 
 
q
u
i
t
 
=
 
0
,
  
 
 
/
/
/
<
 
e
x
i
t
 
f
l
a
g
 
 
i
 
=
 
0
;
 
d
o
u
b
l
e
 
m
o
d
_
d
e
p
t
h
 
=
 
0
.
0
;
  
/
/
/
<
 
m
o
d
u
l
a
t
i
o
n
 
d
e
p
t
h
 
(
f
r
o
m
 
0
 
t
o
 
1
.
5
)
 
i
n
t
1
6
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
=
 
-
2
4
0
;
 
/
/
/
<
 
z
e
r
o
-
c
r
o
s
s
i
n
g
 
t
r
i
m
m
i
n
g
 
 c
h
a
r
 
 
s
t
r
[
3
0
]
;
  
 
 
/
/
/
<
 
s
t
r
i
n
g
 
f
o
r
 
d
i
s
p
l
a
y
s
 
 /
/
/
 
t
i
m
i
n
g
 
v
a
r
i
a
b
l
e
s
 
t
y
p
e
_
t
i
m
e
 
 
t
i
m
e
 
=
 
 
{
 
 
 
0
,
0
,
0
,
 
 
 
0
 
 
}
;
 
 U
i
n
t
1
6
 
 
w
d
_
t
i
m
e
r
[
W
D
_
T
I
M
E
R
_
M
A
X
]
;
 
 /
/
/
<
 
w
a
t
c
h
d
o
g
 
c
o
u
n
t
d
o
w
n
 
t
i
m
e
r
s
 
 e
x
t
e
r
n
 
U
i
n
t
1
6
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
;
 
 /
/
/
 
O
p
e
r
a
t
i
n
g
 
S
t
a
t
e
 
V
a
r
i
a
b
l
e
s
 
c
h
a
r
 
 
*
v
s
i
_
m
o
d
e
[
]
 
=
 
 
{
/
/
 
 
 
0
 
 
 
 
,
 
 
 
1
 
 
 
 
,
 
 
 
2
 
 
 
,
 
 
 
3
 
 
 
,
 
 
 
4
 
 
 
 
,
 
 
 
5
 
 
 
"
S
t
o
p
 
"
,
 
"
I
n
i
t
 
"
,
"
C
h
r
g
e
"
,
"
R
a
m
p
 
"
,
 
"
R
u
n
 
 
"
,
 
"
F
a
u
l
t
 
"
 
 
}
;
 
 /
/
/
 
G
r
a
b
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
 
g
r
a
b
_
m
o
d
e
,
 
 
g
r
a
b
_
i
n
d
e
x
,
 
 
g
r
a
b
_
c
o
u
n
t
e
r
 
=
 
0
;
 
i
n
t
1
6
 
 
g
r
a
b
_
a
r
r
a
y
[
G
R
A
B
_
L
E
N
G
T
H
]
[
G
R
A
B
_
W
I
D
T
H
]
;
 
 
 
/
/
/
 
D
e
b
u
g
 
v
a
r
i
a
b
l
e
s
 
d
o
u
b
l
e
 
D
e
b
u
g
1
 
=
 
0
.
0
,
 
D
e
b
u
g
2
 
=
 
0
.
0
,
 
D
e
b
u
g
3
 
=
 
0
.
0
,
 
D
e
b
u
g
4
 
=
 
0
.
0
,
 
D
e
b
u
g
5
 
=
 
0
.
0
,
 
D
e
b
u
g
6
 
=
 
0
.
0
,
 
D
e
b
u
g
7
 
=
 
0
.
0
;
 
 d
o
u
b
l
e
 
M
_
p
_
i
 
=
 
0
.
5
,
 
M
_
i
_
i
 
=
 
0
.
5
;
 
d
o
u
b
l
e
 
M
_
p
_
v
 
=
 
0
.
5
,
 
M
_
i
_
v
 
=
 
0
.
5
;
 
 U
i
n
t
1
6
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
U
i
n
t
1
6
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
 
=
 
1
;
 
 
 /
/
/
 
A
p
p
l
i
c
a
t
i
o
n
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
b
l
e
s
 
d
o
u
b
l
e
 
b
u
s
_
r
e
f
 
=
 
3
4
5
.
0
;
 
/
/
 
3
8
0
.
0
 
o
r
 
1
6
0
.
0
 
o
r
 
8
0
.
0
 
(
f
o
r
 
t
e
s
t
 
p
u
r
p
o
s
e
s
)
 
d
o
u
b
l
e
 
v
a
c
p
k
 
=
 
3
3
9
.
0
;
 
/
/
 
3
3
9
.
0
 
o
r
 
1
4
1
.
0
 
o
r
 
7
1
.
0
 
(
f
o
r
 
t
e
s
t
 
p
u
r
p
o
s
e
s
)
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*
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2
6
8
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
 
P
r
o
t
o
t
y
p
e
s
 
*
/
 
/
*
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=
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 /
/
/
 
d
i
s
p
l
a
y
 
o
p
e
r
a
t
i
n
g
 
i
n
f
o
 
v
o
i
d
 
c
o
m
_
d
i
s
p
l
a
y
(
U
i
n
t
1
6
 
m
o
d
e
)
;
 
v
o
i
d
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
v
o
i
d
)
;
 
 /
/
/
 
p
r
o
c
e
s
s
 
k
e
y
b
o
a
r
d
 
i
n
p
u
t
 
v
o
i
d
 
c
o
m
_
k
e
y
b
o
a
r
d
(
v
o
i
d
)
;
 
 /
/
/
 
1
 
s
e
c
o
n
d
 
i
n
t
e
r
r
u
p
t
 
f
o
r
 
d
i
s
p
l
a
y
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
c
p
u
_
t
i
m
e
r
0
(
v
o
i
d
)
;
 
 /
/
/
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
C
P
L
D
 
f
o
r
 
t
h
e
 
p
r
o
p
e
r
 
o
p
e
r
a
t
i
o
n
.
 
v
o
i
d
 
i
n
i
t
_
c
p
l
d
(
v
o
i
d
)
;
 
 v
o
i
d
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
v
o
i
d
)
;
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*
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/
 
v
o
i
d
 
m
a
i
n
(
v
o
i
d
)
 
{
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
/
/
 
I
n
i
t
i
a
l
i
s
e
 
D
S
P
 
f
o
r
 
P
C
B
 
 
l
i
b
_
m
i
n
i
2
8
1
0
_
i
n
i
t
(
1
5
0
,
3
0
0
0
0
,
1
5
0
0
0
0
,
L
I
B
_
E
V
A
E
N
C
L
K
|
L
I
B
_
E
V
B
E
N
C
L
K
|
L
I
B
_
A
D
C
E
N
C
L
K
|
 
  
L
I
B
_
S
P
I
E
N
C
L
K
|
L
I
B
_
S
C
I
A
E
N
C
L
K
|
L
I
B
_
S
C
I
B
E
N
C
L
K
|
L
I
B
_
M
C
B
S
P
E
N
C
L
K
|
L
I
B
_
E
C
A
N
E
N
C
L
K
)
;
 
 
 
 
/
/
 
A
d
j
u
s
t
 
t
h
e
 
s
p
e
e
d
 
o
f
 
t
h
e
 
C
L
K
O
U
T
 
s
i
g
n
a
l
 
 
E
A
L
L
O
W
;
 
 
X
i
n
t
f
R
e
g
s
.
X
I
N
T
C
N
F
2
.
b
i
t
.
X
T
I
M
C
L
K
 
=
 
0
;
 
 
X
i
n
t
f
R
e
g
s
.
X
I
N
T
C
N
F
2
.
b
i
t
.
C
L
K
M
O
D
E
 
=
 
0
;
 
 
E
D
I
S
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
P
I
E
 
c
o
n
t
r
o
l
 
r
e
g
i
s
t
e
r
s
 
t
o
 
t
h
e
i
r
 
d
e
f
a
u
l
t
 
s
t
a
t
e
.
 
 
I
n
i
t
P
i
e
C
t
r
l
(
)
;
 
/
/
 
D
i
s
a
b
l
e
 
C
P
U
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
c
l
e
a
r
 
a
l
l
 
C
P
U
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
s
:
 
 
I
E
R
 
=
 
0
x
0
0
0
0
;
 
 
I
F
R
 
=
 
0
x
0
0
0
0
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
P
I
E
 
v
e
c
t
o
r
 
t
a
b
l
e
 
w
i
t
h
 
p
o
i
n
t
e
r
s
 
t
o
 
t
h
e
 
s
h
e
l
l
 
I
n
t
e
r
r
u
p
t
 
/
/
 
S
e
r
v
i
c
e
 
R
o
u
t
i
n
e
s
 
(
I
S
R
)
.
 
/
/
 
T
h
i
s
 
w
i
l
l
 
p
o
p
u
l
a
t
e
 
t
h
e
 
e
n
t
i
r
e
 
t
a
b
l
e
,
 
e
v
e
n
 
i
f
 
t
h
e
 
i
n
t
e
r
r
u
p
t
 
/
/
 
i
s
 
n
o
t
 
u
s
e
d
 
i
n
 
t
h
i
s
 
e
x
a
m
p
l
e
.
 
 
T
h
i
s
 
i
s
 
u
s
e
f
u
l
 
f
o
r
 
d
e
b
u
g
 
p
u
r
p
o
s
e
s
.
 
/
/
 
T
h
e
 
s
h
e
l
l
 
I
S
R
 
r
o
u
t
i
n
e
s
 
a
r
e
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
D
e
f
a
u
l
t
I
s
r
.
c
.
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
i
s
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
P
i
e
V
e
c
t
.
c
.
 
 
I
n
i
t
P
i
e
V
e
c
t
T
a
b
l
e
(
)
;
 
 #
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
/
/
 
C
o
p
y
 
t
i
m
e
 
c
r
i
t
i
c
a
l
 
c
o
d
e
 
a
n
d
 
F
l
a
s
h
 
s
e
t
u
p
 
c
o
d
e
 
t
o
 
R
A
M
 
/
/
 
T
h
e
 
 
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
a
n
d
 
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
 
/
/
 
s
y
m
b
o
l
s
 
a
r
e
 
c
r
e
a
t
e
d
 
b
y
 
t
h
e
 
l
i
n
k
e
r
.
 
R
e
f
e
r
 
t
o
 
t
h
e
 
F
2
8
1
0
.
c
m
d
 
f
i
l
e
.
 
 
M
e
m
C
o
p
y
(
&
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
&
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
&
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
)
;
 
 /
/
 
C
a
l
l
 
F
l
a
s
h
 
I
n
i
t
i
a
l
i
z
a
t
i
o
n
 
t
o
 
s
e
t
u
p
 
f
l
a
s
h
 
w
a
i
t
s
t
a
t
e
s
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
m
u
s
t
 
r
e
s
i
d
e
 
i
n
 
R
A
M
 
 
I
n
i
t
F
l
a
s
h
(
)
;
 
#
e
n
d
i
f
 
  
I
n
i
t
A
d
c
(
)
;
 
 
I
n
i
t
C
p
u
T
i
m
e
r
s
(
)
;
 
  
b
i
o
s
_
i
n
i
t
_
C
O
M
1
(
9
6
0
0
L
)
;
 
 /
/
 
C
o
n
f
i
g
u
r
e
 
C
P
U
-
T
i
m
e
r
 
0
 
t
o
 
i
n
t
e
r
r
u
p
t
 
e
v
e
r
y
 
m
i
l
l
i
s
e
c
o
n
d
:
 
/
/
 
1
5
0
M
H
z
 
C
P
U
 
F
r
e
q
,
 
0
.
0
0
1
 
s
e
c
o
n
d
 
P
e
r
i
o
d
 
(
i
n
 
u
S
e
c
o
n
d
s
)
 
 
C
o
n
f
i
g
C
p
u
T
i
m
e
r
(
&
C
p
u
T
i
m
e
r
0
,
 
1
5
0
.
0
/
*
M
H
z
*
/
,
 
1
0
0
0
.
0
/
*
u
s
*
/
)
;
 
 
S
t
a
r
t
C
p
u
T
i
m
e
r
0
(
)
;
 
 /
/
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
t
o
 
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
r
o
u
t
i
n
e
.
 
 
E
A
L
L
O
W
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
T
I
N
T
0
 
=
 
&
i
s
r
_
c
p
u
_
t
i
m
e
r
0
;
 
 
E
D
I
S
;
 
 /
/
 
E
n
a
b
l
e
 
T
I
N
T
0
 
i
n
 
t
h
e
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
7
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
7
 
=
 
1
;
 
 
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
 
E
n
a
b
l
e
I
n
t
e
r
r
u
p
t
s
(
)
;
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
6
9
 
 
 
 
/
/
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
c
h
i
p
 
s
e
l
e
c
t
s
 
o
n
 
t
h
e
 
b
o
a
r
d
 
a
n
d
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
s
p
i
 
 
D
I
S
A
B
L
E
_
C
P
L
D
(
)
;
  
 
 
 
 
 
/
/
 
D
i
s
a
b
l
e
 
t
h
e
 
C
P
L
D
 
i
n
t
e
r
f
a
c
e
 
 
S
E
T
_
S
P
I
_
M
A
S
T
E
R
(
)
;
  
 
 
 
 
/
/
 
S
e
t
 
t
h
e
 
s
y
s
t
e
m
 
t
o
 
M
a
s
t
e
r
 
m
o
d
e
 
 
C
L
E
A
R
_
O
C
_
S
P
I
_
E
N
(
)
;
  
 
 
 
 
/
/
 
T
u
r
n
 
o
f
f
 
e
x
t
e
r
n
a
l
 
S
P
I
 
a
c
c
e
s
s
 
 
D
I
S
A
B
L
E
_
D
A
C
1
(
)
;
 
 
D
I
S
A
B
L
E
_
D
A
C
2
(
)
;
 
  
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
  
/
/
 
D
e
l
a
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
f
l
a
s
h
 
i
n
t
e
r
n
a
l
 
p
o
w
e
r
 
u
p
 
r
e
s
e
t
 
t
o
 
c
l
e
a
r
 
 
/
/
 
I
f
 
o
t
h
e
r
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
t
a
k
e
s
 
m
o
r
e
 
t
h
a
n
 
2
0
0
m
s
 
o
r
 
t
h
e
 
f
l
a
s
h
 
i
s
 
n
o
t
 
u
s
e
d
 
 
/
/
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
2
0
0
m
s
 
t
h
e
n
 
t
h
e
 
d
e
l
a
y
 
i
s
 
u
n
n
e
c
e
s
s
a
r
y
 
 
{
 
 
 
U
i
n
t
1
6
 
i
 
=
 
3
;
 
  
 
w
h
i
l
e
 
(
i
>
0
)
 
 
 
{
 
 
 
 
w
h
i
l
e
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
=
 
0
)
;
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
-
-
;
 
 
 
}
 
 
}
 
 
/
/
 
 
i
n
i
t
i
a
l
i
s
e
 
f
l
a
s
h
 
R
A
M
 
 
s
f
_
i
n
i
t
(
)
;
 
 
s
f
_
s
e
t
_
p
r
o
t
e
c
t
(
S
F
_
U
N
P
R
O
T
E
C
T
)
;
 
 
i
n
i
t
_
c
p
l
d
(
)
;
 
 
g
i
i
b
_
i
n
i
t
(
)
;
 
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
)
;
 
 
G
r
a
b
I
n
i
t
(
)
;
 
 
 
 
m
o
d
_
d
e
p
t
h
 
=
 
M
O
D
_
D
E
P
T
H
_
M
I
N
;
 
 
v
s
i
_
m
o
d
_
d
e
p
t
h
_
s
e
t
(
m
o
d
_
d
e
p
t
h
)
;
  
 
 
 
/
/
 
R
e
a
d
i
n
g
 
c
o
n
s
t
a
n
t
s
 
 
D
e
b
u
g
1
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
V
D
C
1
_
S
C
;
 
 
D
e
b
u
g
2
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
V
A
C
1
_
S
C
;
 
 
D
e
b
u
g
3
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
I
A
C
1
_
S
C
;
  
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
  
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
M
a
i
n
 
L
o
o
p
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
  
  
p
u
t
s
_
C
O
M
1
(
"
S
e
m
i
-
B
r
i
d
g
e
 
F
l
y
i
n
g
-
C
a
p
 
R
e
c
t
i
f
i
e
r
 
V
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
\
n
"
)
;
 
 
 
 
f
o
r
(
;
;
)
 
 
{
 
 
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
!
=
 
0
)
 
/
/
 
m
i
l
l
i
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
=
 
0
;
 
 
 
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
)
;
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
!
=
 
0
)
 
/
/
 
t
e
n
t
h
 
o
f
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
f
 
(
G
r
a
b
A
v
a
i
l
(
)
)
 
 
 
 
 
G
r
a
b
D
i
s
p
l
a
y
(
)
;
 
/
/
 
d
i
s
p
l
a
y
 
n
e
w
l
y
 
g
r
a
b
b
e
d
 
d
a
t
a
 
 
 
 
c
o
m
_
k
e
y
b
o
a
r
d
(
)
;
 
/
/
 
p
r
o
c
e
s
s
 
k
e
y
p
r
e
s
s
e
s
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
 
!
=
 
0
)
 
/
/
 
o
n
e
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
 
=
 
0
;
 
 
 
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
G
O
)
 
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
1
)
;
 
/
/
 
t
r
i
g
g
e
r
 
n
e
w
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
 
e
l
s
e
 
/
/
 
l
o
w
 
p
r
i
o
r
i
t
y
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
G
O
)
 
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
0
)
;
 
/
/
 
c
o
n
t
i
n
u
e
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
}
 
/
*
 
e
n
d
 
f
o
r
(
;
;
)
 
*
/
 
  
/
/
 
W
e
 
s
h
o
u
l
d
 
n
e
v
e
r
 
r
e
a
c
h
 
h
e
r
e
!
 
 
 
}
 
/
*
 
e
n
d
 
m
a
i
n
 
*
/
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/
*
 
=
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=
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=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
I
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i
t
i
a
l
i
s
e
 
t
h
e
 
C
P
L
D
 
f
o
r
 
t
h
e
 
C
u
r
r
e
n
t
 
A
p
p
l
i
c
a
t
i
o
n
 
*
/
 
v
o
i
d
 
i
n
i
t
_
c
p
l
d
(
v
o
i
d
)
 
{
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
P
W
M
 
s
i
g
n
a
l
s
 
 
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
M
C
O
N
,
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
N
o
 
d
e
a
d
b
a
n
d
 
 
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
N
D
B
,
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
S
i
g
n
a
l
s
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
B
C
O
M
C
O
N
,
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
T
T
L
-
P
l
u
g
 
i
n
 
f
o
r
 
S
e
r
i
a
l
 
P
o
r
t
 
B
 
v
i
a
 
X
1
2
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
S
C
I
B
M
O
D
E
.
b
i
t
.
S
C
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
S
C
I
B
M
O
D
E
,
C
P
L
D
.
S
C
I
B
M
O
D
E
.
a
l
l
)
;
 
 
/
/
 
Q
E
P
 
t
o
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
 
C
P
L
D
.
C
A
P
Q
E
P
.
b
i
t
.
C
P
 
=
 
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
C
A
P
Q
E
P
,
C
P
L
D
.
C
A
P
Q
E
P
.
a
l
l
)
;
 
 
/
/
 
I
n
t
e
r
r
u
p
t
 
S
e
l
e
c
t
 
X
I
N
T
1
A
 
-
 
n
e
g
a
t
i
v
e
 
e
d
g
e
,
 
E
n
a
b
l
e
d
,
 
X
I
N
T
1
B
 
-
 
d
i
s
a
b
l
e
d
 
 
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
I
N
T
S
E
L
,
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
)
;
 
}
 
/
*
 
e
n
d
 
i
n
i
t
_
c
p
l
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
M
i
n
i
2
8
1
0
 
D
A
C
 
t
o
 
0
V
 
o
u
t
p
u
t
 
*
/
 
v
o
i
d
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
v
o
i
d
)
 
{
 
 
/
/
 
S
e
t
 
S
P
I
 
m
o
d
e
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
D
A
C
)
;
 
 
/
/
 
I
n
i
t
i
a
l
i
s
e
 
D
A
C
 
 
d
a
c
_
i
n
i
t
(
)
;
 
 
/
/
 
S
e
t
 
i
n
t
e
r
n
a
l
 
r
e
f
e
r
e
n
c
e
 
 
d
a
c
_
s
e
t
_
r
e
f
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
I
N
T
_
R
E
F
)
;
 
 
/
/
 
P
o
w
e
r
 
u
p
 
D
A
C
 
 
d
a
c
_
p
o
w
e
r
_
d
o
w
n
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
0
x
0
F
)
;
 
 
/
/
 
W
r
i
t
e
 
t
o
 
h
a
l
f
 
v
o
l
t
a
g
e
 
 
d
a
c
_
w
r
i
t
e
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
W
R
n
_
U
P
D
n
,
D
A
C
_
A
D
D
R
_
A
L
L
,
2
0
4
7
)
;
 
}
 
 /
*
 
D
i
s
p
l
a
y
 
o
p
e
r
a
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
o
u
t
 
C
O
M
1
 
*
/
 
v
o
i
d
 
c
o
m
_
d
i
s
p
l
a
y
(
U
i
n
t
1
6
 
m
o
d
e
)
 
{
 
 
s
t
a
t
i
c
 
U
i
n
t
1
6
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
  
 
i
f
 
(
m
o
d
e
 
=
=
 
1
)
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
;
 
 
 
e
l
s
e
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
+
+
;
 
 
 
 
 
 
 
s
w
i
t
c
h
 
(
d
i
s
p
l
a
y
_
s
t
a
t
e
)
 
 
 
{
 
 
 
 
c
a
s
e
 
0
:
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
t
a
t
e
=
 
"
)
;
 
 
 
 
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
1
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
Z
X
T
=
 
%
d
 
"
,
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
2
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
v
A
C
p
k
=
%
3
.
0
f
"
,
 
v
s
i
_
g
e
t
_
v
_
a
c
_
p
k
(
)
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
c
a
s
e
 
3
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
v
D
C
r
e
f
=
%
3
.
0
f
"
,
 
v
s
i
_
g
e
t
_
v
_
d
c
_
r
e
f
(
)
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
4
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
v
D
C
=
%
3
.
0
f
"
,
 
v
s
i
_
g
e
t
_
v
_
d
c
(
)
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
5
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
T
B
1
=
 
%
d
"
,
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
b
r
e
a
k
;
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
7
1
 
 
 
 
c
a
s
e
 
6
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
T
B
2
=
 
%
d
"
,
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
7
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
p
i
=
%
1
.
2
f
"
,
 
M
_
p
_
i
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
8
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
i
i
=
%
1
.
2
f
"
,
 
M
_
i
_
i
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
9
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
p
v
=
%
1
.
2
f
"
,
 
M
_
p
_
v
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
1
0
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
i
v
=
%
1
.
2
f
"
,
 
M
_
i
_
v
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
1
1
:
 
 
 
 
 
p
u
t
c
h
a
r
_
C
O
M
1
(
'
\
r
'
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
d
e
f
a
u
l
t
:
 
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
}
 
 }
 
/
*
 
e
n
d
 
c
o
m
_
d
i
s
p
l
a
y
 
*
/
 
 v
o
i
d
 
c
o
m
_
k
e
y
b
o
a
r
d
(
v
o
i
d
)
 
{
 
 
c
h
a
r
 
 
 
c
;
 
  
i
f
 
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 
 
{
 
 
 
c
 
=
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
s
w
i
t
c
h
(
c
)
 
 
 
 
{
 
 
 
 
c
a
s
e
 
'
o
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
-
=
 
1
.
0
;
 
/
/
 
1
V
 
d
e
c
r
e
m
e
n
t
  
 
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
<
 
B
U
S
_
R
E
F
_
M
I
N
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
I
N
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
p
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
+
=
 
1
.
0
;
 /
/
 
1
V
 
i
n
c
r
e
m
e
n
t
  
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
>
 
B
U
S
_
R
E
F
_
M
A
X
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
A
X
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
  
  
 
 
c
a
s
e
 
'
O
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
-
=
 
5
.
0
;
 
/
/
 
1
V
 
d
e
c
r
e
m
e
n
t
  
 
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
<
 
B
U
S
_
R
E
F
_
M
I
N
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
I
N
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
P
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
+
=
 
5
.
0
;
 /
/
 
1
V
 
i
n
c
r
e
m
e
n
t
  
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
>
 
B
U
S
_
R
E
F
_
M
A
X
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
A
X
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
'
a
'
:
 
 
 
 
 
v
a
c
p
k
 
-
=
 
1
.
0
;
 
/
/
 
1
V
 
d
e
c
r
e
m
e
n
t
  
 
 
 
 
 
 
 
i
f
 
(
v
a
c
p
k
 
<
 
V
A
C
_
P
K
_
M
I
N
)
 
 
 
 
 
 
v
a
c
p
k
 
=
 
V
A
C
_
P
K
_
M
I
N
;
  
 
 
 
 
 
 
 
v
s
i
_
v
_
a
c
_
p
k
_
s
e
t
(
v
a
c
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
s
'
:
 
 
 
 
 
v
a
c
p
k
 
+
=
 
1
.
0
;
 /
/
 
1
V
 
i
n
c
r
e
m
e
n
t
  
 
 
 
 
 
 
i
f
 
(
v
a
c
p
k
 
>
 
V
A
C
_
P
K
_
M
A
X
)
 
 
 
 
 
 
v
a
c
p
k
 
=
 
V
A
C
_
P
K
_
M
A
X
;
  
 
 
 
 
 
 
 
v
s
i
_
v
_
a
c
_
p
k
_
s
e
t
(
v
a
c
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
  
c
a
s
e
 
'
q
'
:
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
-
=
 
2
;
 
 
 
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
A
p
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en
d
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S
P
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o
u
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C
o
d
e:
 E
x
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l 
S
y
st
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2
7
2
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
Q
'
:
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
-
=
 
2
0
;
  
 
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
w
'
:
 
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
+
=
 
2
;
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
W
'
:
 
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
+
=
 
2
0
;
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
t
'
:
 
/
/
 
k
e
y
b
o
a
r
d
 
c
o
n
t
r
o
l
l
e
d
 
t
o
g
g
l
e
 
b
i
t
 
1
 
 
 
 
 
i
f
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
  
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
 
=
 
1
;
 
 
 
 
 
}
 
 
 
 
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
1
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
'
y
'
:
 
/
/
 
k
e
y
b
o
a
r
d
 
c
o
n
t
r
o
l
l
e
d
 
t
o
g
g
l
e
 
b
i
t
 
2
 
 
 
 
 
i
f
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
 
=
 
0
;
  
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
 
=
 
1
;
 
 
 
 
 
}
 
 
 
 
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
2
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
z
'
:
 
 
 
 
 
M
_
p
_
i
 
-
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
p
_
i
 
<
 
0
.
1
)
 
 
 
 
 
 
M
_
p
_
i
 
=
 
0
.
1
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
i
(
M
_
p
_
i
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
x
'
:
 
 
 
 
 
M
_
p
_
i
 
+
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
p
_
i
 
>
 
2
.
0
)
 
 
 
 
 
 
M
_
p
_
i
 
=
 
2
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
i
(
M
_
p
_
i
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
v
'
:
 
 
 
 
 
M
_
i
_
i
 
-
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
i
_
i
 
<
 
0
.
1
)
 
 
 
 
 
 
M
_
i
_
i
 
=
 
0
.
1
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
i
(
M
_
i
_
i
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
b
'
:
 
 
 
 
 
M
_
i
_
i
 
+
=
 
0
.
1
;
 
  
 
 
 
 
 
 
i
f
 
(
M
_
i
_
i
 
>
 
2
.
0
)
 
 
 
 
 
 
M
_
i
_
i
 
=
 
2
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
i
(
M
_
i
_
i
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
h
'
:
 
 
 
 
 
M
_
p
_
v
 
-
=
 
0
.
2
;
 
 
  
 
 
 
 
i
f
 
(
M
_
p
_
v
 
<
 
0
.
2
)
 
 
 
 
 
 
M
_
p
_
v
 
=
 
0
.
2
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
v
(
M
_
p
_
v
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
j
'
:
 
 
 
 
 
M
_
p
_
v
 
+
=
 
0
.
2
;
 
 
  
 
 
 
 
 
 
i
f
 
(
M
_
p
_
v
 
>
 
4
.
0
)
 
 
 
 
 
 
M
_
p
_
v
 
=
 
4
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
v
(
M
_
p
_
v
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
k
'
:
 
 
 
 
 
M
_
i
_
v
 
-
=
 
0
.
2
;
 
  
 
 
 
 
 
 
i
f
 
(
M
_
i
_
v
 
<
 
0
.
2
)
 
 
 
 
 
 
M
_
i
_
v
 
=
 
0
.
2
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
v
(
M
_
i
_
v
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
l
'
:
 
 
 
 
 
M
_
i
_
v
 
+
=
 
0
.
2
;
 
 
  
 
 
 
 
 
i
f
 
(
M
_
i
_
v
 
>
 
4
.
0
)
 
A
p
p
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d
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D
S
P
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o
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C
o
d
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x
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im
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S
y
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2
7
3
 
 
 
 
 
 
M
_
i
_
v
 
=
 
4
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
v
(
M
_
i
_
v
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
d
'
:
 
/
*
 
d
i
s
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
S
t
o
p
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
e
'
:
 
/
*
 
e
n
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
i
f
(
v
s
i
_
g
e
t
_
m
o
d
e
(
)
=
=
V
S
I
_
M
O
D
E
_
S
T
O
P
)
 
 
 
 
 
 
S
t
a
r
t
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
g
'
:
 
 
 
 
 
G
r
a
b
S
t
a
r
t
(
G
R
A
B
_
L
E
N
G
T
H
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
c
'
:
 
 
 
 
 
G
r
a
b
C
l
e
a
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
c
o
m
_
k
e
y
b
o
a
r
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
g
r
a
b
 
d
a
t
a
 
s
t
o
r
a
g
e
 
a
r
r
a
y
 
*
/
 
v
o
i
d
 
G
r
a
b
I
n
i
t
(
v
o
i
d
)
 
{
 
 
i
n
t
 
i
,
j
;
 
 
g
r
a
b
_
i
n
d
e
x
 
=
 
0
;
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
T
O
P
P
E
D
;
 
 
/
*
 
c
l
e
a
r
 
t
h
e
 
g
r
a
b
 
a
r
r
a
y
 
*
/
 
 
f
o
r
 
(
i
=
0
;
 
i
<
G
R
A
B
_
L
E
N
G
T
H
;
 
i
+
+
)
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
 
g
r
a
b
_
a
r
r
a
y
[
i
]
[
j
]
 
=
 
0
;
 
 
 
/
*
 
e
n
d
 
f
o
r
 
i
 
*
/
 
 
/
*
 
e
n
d
 
f
o
r
 
j
 
*
/
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
G
O
;
 
}
 
/
*
 
e
n
d
 
G
r
a
b
I
n
i
t
 
*
/
 
 /
*
 
D
i
s
p
l
a
y
 
t
h
e
 
g
r
a
b
b
e
d
 
d
a
t
a
 
f
o
r
 
f
i
l
e
 
s
t
o
r
a
g
e
 
m
o
d
e
 
=
=
 
1
 
p
r
i
n
t
s
 
t
h
e
 
h
e
a
d
e
r
,
 
e
l
s
e
 
p
r
i
n
t
s
 
a
 
l
i
n
e
 
o
f
 
g
r
a
b
b
e
d
 
d
a
t
a
 
s
t
a
r
t
s
 
f
r
o
m
 
g
r
a
b
_
i
n
d
e
x
 
a
n
d
 
c
o
n
t
i
n
u
e
s
 
o
n
.
 
*
/
 
v
o
i
d
 
G
r
a
b
D
i
s
p
l
a
y
(
v
o
i
d
)
 
{
 
 
i
n
t
 
j
;
 
 
s
t
a
t
i
c
 
i
n
t
 
i
 
=
 
0
;
  
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
T
O
P
P
E
D
)
 
 
{
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
i
\
t
"
)
;
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
j
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
i
 
=
 
0
;
 
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
H
O
W
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
H
O
W
)
 
 
{
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
i
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
g
r
a
b
_
a
r
r
a
y
[
g
r
a
b
_
i
n
d
e
x
]
[
j
]
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
/
/
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
g
r
a
b
_
i
n
d
e
x
+
+
;
 
 
 
i
f
 
(
g
r
a
b
_
i
n
d
e
x
 
>
=
 
G
R
A
B
_
L
E
N
G
T
H
)
 
 
 
 
g
r
a
b
_
i
n
d
e
x
 
=
 
0
;
 
 
 
i
+
+
;
 
 
 
i
f
 
(
i
 
>
=
 
G
R
A
B
_
L
E
N
G
T
H
)
 
 
 
{
 
 
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
G
O
;
 
 
 
}
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
G
r
a
b
D
i
s
p
l
a
y
 
*
/
 
 v
o
i
d
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
v
o
i
d
)
 
{
 
 
s
w
i
t
c
h
(
v
s
i
_
g
e
t
_
m
o
d
e
(
)
)
 
 
{
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p
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x
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S
y
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4
 
 
 
c
a
s
e
 
V
S
I
_
M
O
D
E
_
R
U
N
:
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
R
u
n
 
 
 
 
"
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
c
a
s
e
 
V
S
I
_
M
O
D
E
_
S
T
O
P
:
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
t
o
p
 
 
 
"
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
c
a
s
e
 
V
S
I
_
M
O
D
E
_
I
N
I
T
:
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
I
n
i
t
 
 
 
"
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
c
a
s
e
 
V
S
I
_
M
O
D
E
_
I
N
P
U
T
_
C
H
A
R
G
E
:
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
C
h
a
r
g
e
 
"
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
c
a
s
e
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
:
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
F
a
u
l
t
 
 
"
)
;
 
 
 
 
b
r
e
a
k
;
 
 
}
 
}
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
I
n
t
e
r
r
u
p
t
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
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A
n
a
l
o
g
 
i
n
t
1
6
 
 
D
A
C
_
o
u
t
;
 
 
 
i
n
t
3
2
 
 
 
D
A
C
_
o
u
t
_
l
o
n
g
;
 
 /
/
/
 
M
e
a
s
u
r
e
d
 
q
u
a
n
t
i
t
e
s
 
f
r
o
m
 
t
h
e
 
a
d
c
 
t
y
p
e
_
a
d
c
 
 
a
d
c
 
=
 
 
{
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
c
a
l
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
_
b
a
k
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
_
b
a
k
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
c
a
l
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
v
h
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
r
m
s
 
 
 
/
/
t
y
p
e
_
a
d
c
_
c
h
 
 
 
{
 
 
0
,
 
 /
/
 
r
a
w
 
 
 
 
 
 
0
,
 
 /
/
 
f
i
l
t
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
0
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
.
0
 
 /
/
 
r
e
a
l
 
 
 
 
 
 
}
,
 
  
 
 
 
 
 
 
/
/
 
I
3
 
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
 /
/
 
V
d
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
3
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
5
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
4
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
d
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
A
P
O
T
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
g
e
n
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
B
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
L
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
 /
/
 
y
L
B
 
 
}
;
 
 /
/
/
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
 
c
a
l
_
g
a
i
n
A
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
g
a
i
n
B
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
A
 
=
 
0
,
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
B
 
=
 
0
;
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 /
*
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
*
/
 
d
o
u
b
l
e
 
 
c
a
l
_
g
a
i
n
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
o
f
f
s
e
t
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
g
a
i
n
_
B
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 
c
a
l
_
o
f
f
s
e
t
_
B
;
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 /
*
 
F
a
u
l
t
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
,
 /
/
/
<
 
b
i
t
s
 
s
e
t
 
f
o
r
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
(
p
o
s
s
i
b
l
y
 
c
l
e
a
r
e
d
)
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
=
 
0
,
/
/
/
<
 
c
o
u
n
t
 
o
f
 
f
a
u
l
t
s
 
f
o
r
 
l
o
c
k
i
n
g
 
o
u
t
 
b
a
d
 
f
a
u
l
t
s
 
 
v
a
c
_
u
n
d
e
r
v
o
l
t
a
g
e
 
=
 
0
;
 
/
/
/
<
 
c
o
u
n
t
 
o
f
 
V
a
c
 
u
n
d
e
r
v
o
l
t
a
g
e
 
c
y
c
l
e
s
 
  
c
o
n
s
t
 
c
h
a
r
 
h
e
x
[
1
6
]
 
=
 
{
"
0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
"
}
;
 
/
/
 
a
u
x
i
l
i
a
r
y
 
v
a
r
i
a
b
l
e
 
t
o
 
p
r
i
n
t
 
f
a
u
l
t
 
c
o
d
e
 
 e
x
t
e
r
n
 
c
h
a
r
 
 
s
t
r
[
3
0
]
;
 
 
 
/
*
 
Z
e
r
o
 
C
r
o
s
s
i
n
g
 
S
y
n
c
h
 
V
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
Z
X
_
s
e
e
n
 
=
 
0
,
 
/
/
/
<
 
f
l
a
g
 
s
e
t
 
w
h
e
n
 
a
 
z
x
 
e
v
e
n
t
 
i
s
 
d
e
t
e
c
t
e
d
 
 
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
F
l
a
g
 
t
o
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
s
y
n
c
 
i
s
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
>
 
Z
X
_
S
Y
N
C
_
L
I
M
I
T
 
m
e
a
n
s
 
t
h
a
t
 
s
y
n
c
 
h
a
s
 
b
e
e
n
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
,
 /
/
/
<
 
S
t
a
t
e
 
o
f
 
t
h
e
 
z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
y
n
c
h
 
p
r
o
c
e
s
s
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
,
 /
/
/
<
 
T
h
e
 
n
u
m
b
e
r
 
o
f
 
s
w
i
t
c
h
i
n
g
 
c
y
c
l
e
s
 
b
e
t
w
e
e
n
 
Z
X
 
i
n
t
e
r
r
u
p
t
s
 
 
Z
X
_
c
o
u
n
t
_
g
r
a
b
,
 
/
/
 
f
o
r
 
g
r
a
b
 
c
o
d
e
 
o
n
l
y
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
,
 /
/
/
<
 
C
o
u
n
t
 
o
f
 
n
u
m
b
e
r
 
o
f
 
Z
X
s
 
d
u
r
i
n
g
 
a
v
e
r
a
g
i
n
g
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
/
/
/
<
 
R
u
n
n
i
n
g
 
s
u
m
 
f
o
r
 
a
v
e
r
a
g
e
 
 i
n
t
1
6
 
 
Z
X
_
t
i
m
e
 
=
 
0
;
 /
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
t
i
m
e
r
 
u
n
i
t
s
 
 i
n
t
3
2
 
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
 
=
 
0
L
,
 
/
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
 
z
x
_
o
f
f
s
e
t
 
=
 
Z
X
_
O
F
F
S
E
T
_
P
O
S
,
 
/
/
/
<
 
v
a
r
i
a
b
l
e
 
o
f
f
s
e
t
 
f
o
r
 
t
u
n
i
n
g
 
 
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
 
=
 
0
L
,
 
/
/
/
<
 
S
c
a
l
e
 
f
a
c
t
o
r
 
b
e
t
w
e
e
n
 
t
i
m
e
r
 
a
n
d
 
p
h
a
s
e
 
u
n
i
t
s
 
 
Z
X
_
p
h
a
s
e
_
e
r
r
 
=
 
0
L
,
 
/
/
/
<
 
D
i
f
f
e
r
e
n
c
e
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
(
2
^
1
6
 
=
=
 
3
6
0
d
e
g
)
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
0
L
;
 
/
/
/
<
 
I
n
t
e
g
r
a
l
 
f
o
r
 
f
r
e
q
u
e
n
c
y
 
c
o
n
t
r
o
l
 
 /
*
 
D
e
b
u
g
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
T
o
g
g
l
e
B
i
t
1
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
2
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
0
,
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
1
 
 
T
o
g
g
l
e
B
i
t
4
 
=
 
0
,
 
 
i
t
e
m
p
;
 
 U
i
n
t
3
2
 
C
o
u
n
t
e
r
1
 
=
 
0
;
  
 /
*
 
A
p
p
l
i
c
a
t
i
o
n
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
b
l
e
s
 
*
/
 
i
n
t
3
2
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
=
 
0
;
 
 
 
U
i
n
t
1
6
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
r
e
f
 
=
 
1
2
9
3
;
 
/
/
 
3
8
0
V
 
-
>
 
1
4
2
4
,
 
1
6
0
V
 
-
>
 
5
9
9
,
 
8
0
V
 
-
>
 
2
9
9
,
 
3
4
5
V
 
-
>
 
1
2
9
3
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
o
l
d
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
a
v
g
 
=
 
0
;
 
 d
o
u
b
l
e
 
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
.
0
;
 
U
i
n
t
1
6
 
s
a
t
u
r
a
t
e
d
_
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
;
 
 i
n
t
1
6
 
i
_
i
n
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
r
e
f
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
e
r
r
 
=
 
0
;
 
 i
n
t
1
6
 
v
_
a
c
 
=
 
0
;
 
i
n
t
1
6
 
v
_
a
c
_
p
k
 
=
 
1
4
3
9
;
 
/
/
 
2
4
0
V
r
m
s
 
3
3
9
V
p
k
 
-
>
 
1
4
3
9
,
 
1
0
0
V
r
m
s
 
1
4
1
V
p
k
 
-
>
 
5
9
8
,
 
5
0
V
r
m
s
 
7
1
V
p
k
 
-
>
 
3
0
1
 
 d
o
u
b
l
e
 
f
f
_
t
e
r
m
 
=
 
0
;
 
d
o
u
b
l
e
 
f
b
_
t
e
r
m
 
=
 
0
;
 
 d
o
u
b
l
e
 
i
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
i
_
i
n
t
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
i
n
t
 
=
 
0
;
 
 d
o
u
b
l
e
 
K
p
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
p
_
v
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
v
 
=
 
0
;
 
 i
n
t
3
2
 
C
M
P
R
1
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
2
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
4
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
5
 
=
 
0
;
 
 i
n
t
1
6
 
s
i
n
_
v
a
l
_
o
l
d
 
=
 
0
;
 
 d
o
u
b
l
e
 
M
u
l
t
_
p
_
i
 
=
 
0
.
5
,
 
M
u
l
t
_
i
_
i
 
=
0
.
5
;
 
d
o
u
b
l
e
 
M
u
l
t
_
p
_
v
 
=
 
0
.
5
,
 
M
u
l
t
_
i
_
v
 
=
 
0
.
5
;
 
 U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
2
 
=
 
1
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
 
P
r
o
t
o
t
y
p
e
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
/
/
 
p
w
m
 
i
n
t
e
r
r
u
p
t
 
f
o
r
 
v
s
i
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
;
 
 /
/
/
 
P
D
P
I
N
T
 
V
S
I
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
;
 
 /
/
/
 
X
I
N
T
1
 
H
V
 
D
C
 
O
v
e
r
 
v
o
l
t
a
g
e
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
P
W
M
 
o
u
t
p
u
t
s
 
(
V
S
I
)
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
t
a
r
t
s
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
p
w
m
_
s
t
a
r
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
A
D
C
 
f
o
r
 
s
a
m
p
l
i
n
g
 
t
r
i
g
g
e
r
e
d
 
b
y
 
P
W
M
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
a
l
i
b
r
a
t
e
s
 
t
h
e
 
a
d
c
 
f
o
r
 
g
a
i
n
 
a
n
d
 
o
f
f
s
e
t
 
u
s
i
n
g
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
i
n
p
u
t
s
.
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
;
 
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
2
 
/
/
/
 
S
c
a
l
e
s
 
t
h
e
 
f
i
l
t
e
r
e
d
 
A
D
C
 
q
u
a
n
t
i
t
i
e
s
 
f
o
r
 
u
s
e
 
i
n
 
b
a
c
k
g
r
o
u
n
d
.
 
v
o
i
d
 
a
d
c
_
s
c
a
l
e
(
v
o
i
d
)
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
D
e
f
i
n
i
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 v
o
i
d
 
/
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
t
h
e
 
V
S
I
 
r
e
g
u
l
a
t
o
r
 
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
,
 
/
/
/
 
s
o
f
t
 
c
h
a
r
g
e
 
d
c
 
b
u
s
 
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
i
n
g
 
f
o
r
 
s
t
a
r
t
 
t
r
i
g
g
e
r
 
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
,
 
/
/
/
 
r
a
m
p
s
 
u
p
 
t
h
e
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
/
/
 s
t
_
v
s
i
_
r
a
m
p
(
v
o
i
d
)
,
 
/
/
/
 
m
a
i
n
t
a
i
n
i
n
g
 
t
a
r
g
e
t
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
 
f
o
r
 
f
a
u
l
t
s
 
t
o
 
c
l
e
a
r
 
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
u
r
r
e
n
t
 
V
S
I
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
A
c
t
i
v
e
 
F
u
n
c
t
i
o
n
 
S
t
a
t
e
_
T
y
p
e
 
 
v
s
i
_
s
t
a
t
e
 
=
 
 
{
 
 
 
&
s
t
_
v
s
i
_
i
n
i
t
,
  
/
/
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
p
t
r
 
 
 
1
  
 
 
 
/
/
 
f
i
r
s
t
 
s
t
a
t
e
 
f
l
a
g
 
 
}
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
E
x
p
o
r
t
e
d
 
V
S
I
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
R
u
n
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
a
n
d
 
l
o
o
k
 
a
f
t
e
r
 
b
a
c
k
g
r
o
u
n
d
 
a
v
e
r
a
g
i
n
g
 
a
n
d
 
A
D
C
 
t
a
s
k
s
 
*
/
 
v
o
i
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
v
o
i
d
)
 
{
 
 
D
O
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
i
f
 
(
a
d
c
.
f
l
a
g
_
c
a
l
 
!
=
 
0
)
 
 
{
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
)
;
 
 
}
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
{
 
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
=
 
0
)
 
 
 
{
 
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
-
-
;
 
 
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
 
 
{
 
 
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
 
 
 
}
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
 
*
/
 
 /
*
 
R
e
t
u
n
s
 
m
o
d
u
l
a
t
i
o
n
 
s
t
a
t
u
s
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
 
*
/
 
U
i
n
t
1
6
 
I
s
M
o
d
u
l
a
t
i
n
g
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
i
s
_
m
o
d
u
l
a
t
i
n
g
;
 
}
 
 /
*
 
U
s
e
r
 
s
t
a
r
t
 
P
W
M
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
v
o
i
d
 
S
t
a
r
t
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
1
;
 
}
 
 /
*
 
U
s
e
r
 
s
t
o
p
 
P
M
W
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
v
o
i
d
 
S
t
o
p
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
  
}
 
 /
*
 
C
h
e
c
k
 
s
y
s
t
e
m
 
s
t
a
t
u
s
.
 
\
r
e
t
v
a
l
 
1
 
 
s
y
s
t
e
m
 
r
u
n
n
i
n
g
 
\
r
e
t
v
a
l
 
0
 
 
s
y
s
t
e
m
 
s
t
o
p
p
e
d
 
\
r
e
t
v
a
l
 
-
1
 
 
s
y
s
t
e
m
 
f
a
u
l
t
e
d
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
3
 
*
/
 
i
n
t
1
6
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
(
v
o
i
d
)
 
{
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
 
r
e
t
u
r
n
 
-
1
;
 
 
e
l
s
e
 
 
 
r
e
t
u
r
n
 
1
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
 
*
/
 
 /
*
 
G
e
t
s
 
a
l
l
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
s
i
n
c
e
 
l
a
s
t
 
c
l
e
a
r
.
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
C
l
e
a
r
 
t
h
e
 
d
e
t
e
c
t
e
d
 
f
a
u
l
t
s
.
 
*
/
 
v
o
i
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
{
 
 
 
R
E
S
E
T
_
G
A
T
E
S
(
)
;
 
 
 
R
E
S
E
T
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
A
A
0
0
;
 
 
}
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
 
 
i
f
 
(
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
P
D
P
I
N
T
A
S
T
A
T
U
S
 
=
=
 
0
)
 
 
{
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
R
e
t
r
i
e
v
e
 
p
r
e
s
e
n
t
 
o
p
e
r
a
t
i
n
g
 
m
o
d
e
 
o
f
 
v
s
i
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
m
o
d
e
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
m
o
d
e
;
 
  
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
R
U
N
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
S
T
O
P
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
i
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
I
T
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
P
U
T
_
C
H
A
R
G
E
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
 
e
l
s
e
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
  
r
e
t
u
r
n
 
m
o
d
e
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
m
o
d
e
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
I
n
t
e
r
r
u
p
t
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
M
a
i
n
 
V
S
I
 
I
S
R
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
p
w
m
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
 
{
 
 
T
o
g
g
l
e
B
i
t
2
 
=
 
!
T
o
g
g
l
e
B
i
t
2
;
 
 
i
f
(
T
o
g
g
l
e
B
i
t
2
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
 
 
 
 
/
*
 
F
i
n
d
 
o
u
t
 
t
h
e
 
d
i
r
e
c
t
i
o
n
 
w
h
i
c
h
 
t
h
e
 
t
i
m
e
r
s
 
a
r
e
 
g
o
i
n
g
 
*
/
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
4
 
 
/
/
1
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
r
i
s
i
n
g
 
(
u
n
d
e
r
f
l
o
w
 
i
n
t
e
r
r
u
p
t
)
 
 
/
/
0
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
f
a
l
l
i
n
g
 
(
p
e
r
i
o
d
 
i
n
t
e
r
r
u
p
t
)
 
 
t
i
m
e
r
1
_
d
i
r
 
=
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
b
i
t
.
T
1
S
T
A
T
;
 
 
t
i
m
e
r
3
_
d
i
r
 
=
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
3
S
T
A
T
;
 
 
 
 
/
/
i
f
(
t
i
m
e
r
1
_
d
i
r
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
/
/
i
f
(
t
i
m
e
r
3
_
d
i
r
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
 
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
D
C
s
 
R
e
a
d
i
n
g
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
 
/
*
 
R
e
a
d
 
a
n
d
 
s
c
a
l
e
 
A
D
C
 
v
a
l
u
e
s
 
*
/
 
 
/
/
 
W
a
i
t
 
f
o
r
 
A
D
C
 
t
o
 
b
e
 
f
i
n
i
s
h
e
d
 
 
w
h
i
l
e
(
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
S
E
Q
1
_
B
S
Y
)
;
 
  
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
4
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
1
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
8
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
2
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
2
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
i
_
i
n
 
=
 
a
d
c
.
I
2
.
r
a
w
;
 
/
/
 
I
n
p
u
t
 
c
u
r
r
e
n
t
 
f
o
r
 
c
o
n
t
r
o
l
 
p
u
r
p
o
s
e
s
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
0
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
3
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
3
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
  
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
V
d
c
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
7
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
V
d
c
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
V
d
c
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
B
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
B
 
-
 
(
i
n
t
1
6
)
A
D
C
_
V
D
C
_
O
F
F
S
E
T
;
 
  
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
V
a
c
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
6
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
V
a
c
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
V
a
c
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
V
D
C
_
O
F
F
S
E
T
;
 
   
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
H
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
2
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
H
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
3
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
L
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
4
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
L
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
5
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
c
a
l
i
b
r
a
t
i
o
n
 
r
e
f
e
r
e
n
c
e
s
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
A
.
r
a
w
;
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
B
.
r
a
w
;
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
A
.
r
a
w
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
B
.
r
a
w
;
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
+
+
;
 
 
i
f
 
(
a
d
c
.
c
o
u
n
t
_
c
a
l
 
>
 
A
D
C
_
C
O
U
N
T
_
C
A
L
)
 
 
{
 
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
1
;
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
5
 
 
}
 
  
/
/
 
R
e
i
n
i
t
i
a
l
i
s
e
 
f
o
r
 
n
e
x
t
 
A
D
C
 
s
e
q
u
e
n
c
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
R
S
T
_
S
E
Q
1
 
=
 
1
;
 
 
 
/
/
 
R
e
s
e
t
 
S
E
Q
1
 
 
 
 
/
/
 
f
a
s
t
 
f
i
l
t
e
r
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
1
.
f
i
l
t
 
+
 
a
d
c
.
I
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
I
2
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
2
.
f
i
l
t
 
+
 
a
d
c
.
I
2
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
I
3
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
3
.
f
i
l
t
 
+
 
a
d
c
.
I
3
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
V
d
c
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
V
d
c
1
.
f
i
l
t
 
+
 
a
d
c
.
V
d
c
1
.
r
a
w
 
+
 
2
)
>
>
2
;
  
 
a
d
c
.
V
a
c
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
V
a
c
1
.
f
i
l
t
 
+
 
a
d
c
.
V
a
c
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
v
_
a
c
 
=
 
-
a
d
c
.
V
a
c
1
.
f
i
l
t
;
 
 
v
_
d
c
 
=
 
-
a
d
c
.
V
d
c
1
.
f
i
l
t
;
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
y
n
c
h
r
o
n
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
i
f
 
(
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
b
i
t
.
C
A
P
1
F
I
F
O
 
!
=
 
0
)
 
 
{
  
 
 
 
/
/
 
s
e
t
 
f
l
a
g
 
t
o
 
r
u
n
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
1
;
 
 
 
 
 
 
T
o
g
g
l
e
B
i
t
4
 
=
 
!
T
o
g
g
l
e
B
i
t
4
;
 
 
 
i
f
(
T
o
g
g
l
e
B
i
t
4
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
  
 
 
 
 
 
 
Z
X
_
t
i
m
e
 
=
 
P
E
R
I
O
D
 
-
 
E
v
a
R
e
g
s
.
C
A
P
1
F
I
F
O
;
 
 
 
Z
X
_
s
e
e
n
 
=
 
1
;
 
 
 
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
d
u
m
p
 
a
n
y
 
o
t
h
e
r
 
c
a
p
t
u
r
e
d
 
v
a
l
u
e
s
  
 
 
}
 
  
Z
X
_
c
o
u
n
t
+
+
;
 
 
i
f
 
(
Z
X
_
c
o
u
n
t
 
>
 
Z
X
_
M
A
X
_
C
O
U
N
T
)
 /
*
 
Z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
i
g
n
a
l
 
l
o
s
t
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
{
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
/
*
 
H
a
l
t
 
m
o
d
u
l
a
t
i
o
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
;
  
/
*
 
R
e
s
t
a
r
t
 
s
e
a
r
c
h
i
n
g
 
f
o
r
 
s
y
n
c
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
}
 
  
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
L
O
S
T
)
  
/
*
 
N
o
 
i
d
e
a
 
o
f
 
a
n
y
t
h
i
n
g
:
 
s
t
a
r
t
 
f
r
e
q
 
e
s
t
.
*
/
 
 
{
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
;
 
 
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
E
S
T
;
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
E
S
T
)
 /
*
 
R
o
u
g
h
l
y
 
m
e
a
s
u
r
e
 
p
e
r
i
o
d
 
a
n
d
 
a
v
e
r
a
g
e
 
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
+
+
;
 
 
 
 
Z
X
_
s
u
m
 
+
=
 
Z
X
_
c
o
u
n
t
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
  
 
 
/
*
 
R
e
s
e
t
 
c
o
u
n
t
e
r
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
}
 
 
 
i
f
 
(
Z
X
_
c
y
c
l
e
s
 
>
=
 
Z
X
_
C
Y
C
L
E
_
A
V
G
)
 
 
 
{
 
 
 
 
Z
X
_
s
u
m
 
=
 
Z
X
_
s
u
m
/
Z
X
_
C
Y
C
L
E
_
A
V
G
;
 
 
 
 
p
h
a
s
e
_
s
t
e
p
 
=
 
(
(
U
i
n
t
3
2
)
(
0
x
F
F
F
F
/
Z
X
_
s
u
m
)
)
<
<
1
6
;
 
/
/
 
A
p
p
r
o
x
i
m
a
t
e
 
f
r
e
q
u
e
n
c
y
 
 
 
 
Z
X
_
s
u
m
 
-
=
 
Z
X
_
s
u
m
/
8
;
  
 
/
*
 
A
l
s
o
 
u
s
e
 
f
o
r
 
g
l
i
t
c
h
 
f
i
l
t
e
r
 
 
 
 
 
 
*
/
 
 
 
 
p
h
a
s
e
 
=
 
p
h
a
s
e
_
s
t
e
p
 
+
 
z
x
_
o
f
f
s
e
t
 
+
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
;
 /
*
 
W
i
t
h
i
n
 
p
h
a
s
e
_
s
t
e
p
 
*
/
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
M
I
S
C
;
 
/
*
 
C
a
l
c
u
l
a
t
e
 
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
 
f
i
r
s
t
 
 
*
/
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
S
Y
N
C
)
 
/
*
 
A
c
c
u
r
a
t
e
l
y
 
m
e
a
s
u
r
e
 
p
h
a
s
e
 
e
r
r
o
r
 
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
6
 
 
 
 
i
f
 
(
Z
X
_
c
o
u
n
t
 
>
 
Z
X
_
s
u
m
)
 
 
/
*
 
I
g
n
o
r
e
 
g
l
i
t
c
h
e
s
 
*
/
 
 
 
 
{
 
 
 
 
 
Z
X
_
c
o
u
n
t
_
g
r
a
b
 
=
 
Z
X
_
c
o
u
n
t
;
 
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
 
 
 
/
*
 
R
e
s
c
a
l
e
 
t
o
 
p
h
a
s
e
 
u
n
i
t
s
 
*
/
 
 
 
 
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
 
=
 
z
x
_
o
f
f
s
e
t
 
+
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
+
 
(
(
(
i
n
t
3
2
)
Z
X
_
t
i
m
e
*
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
)
>
>
5
)
;
 
 
 
 
 
/
*
 
C
a
l
c
u
l
a
t
e
 
p
h
a
s
e
 
e
r
r
o
r
 
c
a
p
t
u
r
e
d
 
t
i
m
e
 
*
/
 
 
 
 
 
Z
X
_
p
h
a
s
e
_
e
r
r
 
=
 
p
h
a
s
e
 
-
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
;
 
 
 
 
 
/
*
 
L
i
m
i
t
 
s
i
z
e
 
o
f
 
p
h
a
s
e
 
c
h
a
n
g
e
 
*
/
 
 
 
 
 
i
f
 
(
Z
X
_
p
h
a
s
e
_
e
r
r
 
>
 
Z
X
_
B
I
G
_
E
R
R
)
 
 
 
 
 
{
 
 
 
 
 
 
p
h
a
s
e
 
-
=
 
Z
X
_
B
I
G
_
E
R
R
;
 
 
 
 
 
 
/
/
 
I
n
t
e
g
r
a
t
e
 
p
h
a
s
e
 
e
r
r
o
r
s
 
 
 
 
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
(
Z
X
_
e
r
r
_
s
u
m
+
Z
X
_
B
I
G
_
E
R
R
)
>
>
1
;
 
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
p
h
a
s
e
_
e
r
r
 
<
 
-
Z
X
_
B
I
G
_
E
R
R
)
 
 
 
 
 
{
 
 
 
 
 
 
p
h
a
s
e
 
+
=
 
Z
X
_
B
I
G
_
E
R
R
;
 
 
 
 
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
(
Z
X
_
e
r
r
_
s
u
m
-
Z
X
_
B
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C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
0
;
 
}
  
s
i
n
_
v
a
l
_
o
l
d
 
=
 
s
i
n
_
v
a
l
;
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
M
o
d
u
l
a
t
o
r
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
t
_
E
V
A
_
A
 
=
 
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
t
_
E
V
A
_
B
 
=
 
-
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
 
 
 
 
t
_
E
V
B
_
A
 
=
 
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
t
_
E
V
B
_
B
 
=
 
-
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
P
h
a
s
e
 
A
 
(
E
V
A
)
 
 
 
E
V
A
_
A
s
a
t
_
p
r
e
v
 
=
 
E
V
A
_
A
s
a
t
;
  
 
 
 
 
 
i
f
 
(
t
_
E
V
A
_
A
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
A
_
A
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
1
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
A
_
A
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
A
_
A
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
A
_
A
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
8
9
 
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
E
V
A
_
A
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
A
_
A
;
 
 
 
 
}
 
  
/
/
 
P
h
a
s
e
 
B
 
(
E
V
A
)
 
 
E
V
A
_
B
s
a
t
_
p
r
e
v
 
=
 
E
V
A
_
B
s
a
t
;
  
 
 
 
 
i
f
 
(
t
_
E
V
A
_
B
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
A
_
B
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
2
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
A
_
B
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
A
_
B
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
A
_
B
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
 
 
 
 
 
E
V
A
_
B
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
A
_
B
;
 
 
 
 
}
 
 
 
 
/
/
 
P
h
a
s
e
 
A
 
(
E
V
B
)
 
 
 
E
V
B
_
A
s
a
t
_
p
r
e
v
 
=
 
E
V
B
_
A
s
a
t
;
  
 
 
 
 
 
i
f
 
(
t
_
E
V
B
_
A
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
B
_
A
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
4
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
B
_
A
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
B
_
A
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
B
_
A
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
E
V
B
_
A
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
B
_
A
;
 
 
 
 
}
 
  
/
/
 
P
h
a
s
e
 
B
 
(
E
V
B
)
 
 
E
V
B
_
B
s
a
t
_
p
r
e
v
 
=
 
E
V
B
_
B
s
a
t
;
  
 
 
 
 
i
f
 
(
t
_
E
V
B
_
B
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
B
_
B
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
5
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
B
_
B
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
B
_
B
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
B
_
B
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
 
 
 
 
 
E
V
B
_
B
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
B
_
B
;
 
 
 
 
}
 
  
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
1
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
4
;
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
0
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
5
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
G
r
a
b
 
C
o
d
e
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
i
f
 
(
G
r
a
b
R
u
n
n
i
n
g
(
)
)
 
 
{
 G
r
a
b
S
t
o
r
e
(
0
,
(
i
n
t
1
6
)
(
i
_
p
r
o
p
*
1
0
0
0
.
0
)
)
;
 
 
 
G
r
a
b
S
t
o
r
e
(
1
,
(
i
n
t
1
6
)
(
i
_
i
n
t
*
1
0
0
0
.
0
)
)
;
  
 
 
G
r
a
b
S
t
o
r
e
(
2
,
(
i
n
t
1
6
)
i
_
i
n
_
e
r
r
)
;
  
 
 
 
G
r
a
b
S
t
o
r
e
(
3
,
(
i
n
t
1
6
)
(
f
f
_
t
e
r
m
*
1
0
0
0
.
0
)
)
;
 
 
 
G
r
a
b
S
t
o
r
e
(
4
,
(
i
n
t
1
6
)
i
_
i
n
)
;
 
 
 
G
r
a
b
S
t
o
r
e
(
5
,
(
i
n
t
1
6
)
v
s
i
_
m
o
d
_
d
e
p
t
h
)
;
 
 
 
 
 
 
G
r
a
b
S
t
e
p
(
)
;
 
 
}
  
 
 
 
/
*
 
P
r
e
p
a
r
e
 
f
o
r
 
n
e
x
t
 
i
n
t
e
r
r
u
p
t
 
*
/
 
 
/
/
 
D
o
e
s
n
'
t
 
m
a
t
t
e
r
 
w
h
o
 
t
r
i
g
g
e
r
e
d
 
i
t
 
(
T
i
m
e
r
 
1
 
u
n
d
e
r
f
l
o
w
 
o
r
 
T
i
m
e
r
 
1
 
p
e
r
i
o
d
)
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
U
F
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
P
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
U
F
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
P
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
2
;
 
 
 
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
i
n
t
e
r
r
u
p
t
 
t
o
 
P
I
E
  
 
 
 
 }
 
/
*
 
e
n
d
 
i
s
r
_
p
w
m
 
*
/
 
 /
*
 
H
a
n
d
l
e
s
 
t
h
e
 
P
D
P
I
N
T
 
i
n
t
e
r
r
u
p
t
 
(
n
o
t
 
v
e
r
y
 
w
e
l
l
)
 
(
S
.
P
a
r
k
e
r
)
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
v
s
i
_
p
d
p
i
n
t
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
 
{
 
 
/
/
 
S
t
o
p
 
e
v
e
r
y
t
h
i
n
g
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
 
 
T
o
g
g
l
e
B
i
t
1
 
=
 
!
T
o
g
g
l
e
B
i
t
1
;
 
 
 
 
i
f
(
T
o
g
g
l
e
B
i
t
1
 
=
=
 
1
)
 
 
 
W
r
i
t
e
D
i
g
o
u
t
L
a
t
c
h
(
B
I
T
5
,
 
S
E
T
)
;
 
/
/
 
S
e
t
 
G
I
I
B
_
X
4
_
P
1
4
 
(
D
I
G
O
U
T
5
)
 
 
e
l
s
e
  
 
 
W
r
i
t
e
D
i
g
o
u
t
L
a
t
c
h
(
B
I
T
5
,
 
C
L
E
A
R
)
;
 
/
/
 
C
l
e
a
r
 
G
I
I
B
_
X
4
_
P
1
4
 
(
D
I
G
O
U
T
5
)
 
 
 
 
/
/
 
C
l
e
a
n
 
u
p
 
i
n
t
e
r
r
u
p
t
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
P
D
P
I
N
T
A
 
=
 
1
;
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
}
 
/
*
 
e
n
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
 
*
/
 
  /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
V
S
I
 
S
t
a
t
e
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
I
n
i
t
i
a
l
i
s
e
 
s
t
a
t
e
 
*
/
 
/
/
 
A
D
C
 
+
 
P
W
M
 
r
e
g
i
s
t
e
r
s
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
p
w
m
_
i
n
i
t
(
)
;
 
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
V
S
I
 
 
a
d
c
_
i
n
i
t
(
)
;
 
  
/
/
p
u
t
c
h
a
r
_
C
O
M
1
(
'
I
'
)
;
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
  
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
i
t
 
*
/
 
 /
*
 
C
h
a
r
g
e
 
D
C
 
b
u
s
 
s
t
a
t
e
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
1
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
1
;
 
/
/
 
3
0
0
0
 
m
s
e
c
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
f
a
u
l
t
s
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
=
 
0
)
 
 
{
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
 
*
/
 
 /
*
 
S
t
o
p
p
e
d
 
s
t
a
t
e
 
*
/
 
/
/
 
T
u
r
n
 
o
f
f
 
E
V
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
C
L
E
A
R
A
L
L
_
G
I
I
B
_
X
3
0
(
)
;
 
 
}
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
s
t
a
r
t
_
t
r
i
g
g
e
r
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
;
 
 
}
 
 
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
s
t
o
p
 
*
/
 
 /
*
 
V
S
I
 
i
s
 
r
u
n
n
i
n
g
 
*
/
 
/
/
 
L
o
o
k
s
 
a
f
t
e
r
 
b
a
c
k
g
r
o
u
n
d
 
t
a
s
k
s
/
r
e
f
e
r
e
n
c
e
s
 
v
o
i
d
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
1
;
 
 
 
p
w
m
_
s
t
a
r
t
(
)
;
 
/
/
 
S
e
t
 
c
o
m
m
a
n
d
s
 
 
 
E
n
a
b
l
e
E
V
I
N
T
(
)
;
 
 
}
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
s
t
o
p
 
s
i
g
n
a
l
 
 
i
f
 
(
!
s
t
a
r
t
_
t
r
i
g
g
e
r
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 }
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
r
u
n
 
*
/
 
 v
o
i
d
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
/
/
 
t
u
r
n
 
o
f
f
 
o
u
t
p
u
t
s
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
+
+
;
 
 
}
  
 
 
 
i
f
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
S
W
_
O
C
_
V
S
I
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
o
f
t
w
a
r
e
 
o
v
e
r
c
u
r
r
e
n
t
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
e
l
s
e
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
P
D
P
I
N
T
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
  
 
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
2
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
N
o
 
f
a
u
l
t
 
r
e
c
o
v
e
r
y
 
i
m
p
l
e
m
e
n
t
e
d
.
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
/
/
 
C
l
e
a
r
 
a
n
y
t
h
i
n
g
 
o
n
 
b
u
f
f
e
r
 
 
w
h
i
l
e
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 g
e
t
c
_
C
O
M
1
(
)
;
  
 
w
h
i
l
e
(
!
k
b
h
i
t
_
C
O
M
1
(
)
)
;
 
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
f
a
u
l
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
I
n
i
t
i
a
l
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
F
A
L
S
E
;
 
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
  
 
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
i
n
p
u
t
 
c
u
r
r
e
n
t
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
i
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
I
*
A
D
C
_
I
A
C
1
_
S
C
)
;
 
 
K
i
_
i
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
I
*
A
D
C
_
I
A
C
1
_
S
C
)
/
(
T
R
_
I
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
  
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
b
u
s
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
v
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
V
*
A
D
C
_
V
D
C
1
_
S
C
/
A
D
C
_
I
A
C
1
_
S
C
)
;
 
 
K
i
_
v
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
V
*
A
D
C
_
V
D
C
1
_
S
C
/
A
D
C
_
I
A
C
1
_
S
C
)
/
(
T
R
_
V
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
 
 
 
 
 
 
 
/
/
 
-
>
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
1
-
P
W
M
6
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
D
i
s
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
-
 
W
h
a
t
 
a
b
o
u
t
 
I
M
R
B
 
a
n
d
 
I
M
R
C
?
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
7
-
P
W
M
1
2
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
  
 
 
 
 
 
 
/
/
 
<
-
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
 
/
/
 
-
>
 
S
e
t
 
u
p
 
P
W
M
 
o
u
t
p
u
t
s
 
 
 
 
 
 
 
/
*
 
B
e
w
a
r
e
 
t
h
a
t
 
w
h
e
n
 
s
e
t
t
i
n
g
 
a
 
G
P
I
O
 
t
o
 
P
W
M
 
i
t
 
w
i
l
l
 
s
e
t
 
h
i
g
h
.
 
 
 
 
 
S
e
t
t
i
n
g
 
a
l
l
 
6
 
p
i
n
s
 
a
t
 
t
h
e
 
s
a
m
e
 
t
i
m
e
 
c
a
u
s
e
s
 
t
h
r
e
e
 
p
h
a
s
e
 
s
h
o
o
t
 
 
 
 
 
t
h
r
o
u
g
h
.
 
P
i
n
s
 
b
e
c
o
m
e
 
t
h
e
i
r
 
c
o
r
r
e
c
t
 
s
t
a
t
e
 
w
h
e
n
 
t
h
e
 
P
W
M
 
i
n
t
e
r
r
u
p
t
 
 
 
 
 
s
t
a
r
t
s
 
(
e
n
a
b
l
e
)
.
 
O
n
c
e
 
f
u
n
c
t
i
o
n
a
l
 
t
h
e
 
A
C
T
R
 
c
a
n
 
d
i
s
a
b
l
e
 
t
h
e
m
 
f
i
n
e
.
 
*
/
  
 
 
 
 
 
 
 
 
 
 
E
A
L
L
O
W
;
 
/
/
 
E
n
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
1
_
G
P
I
O
A
0
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
1
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
2
_
G
P
I
O
A
1
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
2
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
3
_
G
P
I
O
A
2
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
3
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
4
_
G
P
I
O
A
3
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
4
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
5
_
G
P
I
O
A
4
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
5
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
6
_
G
P
I
O
A
5
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
6
 
p
i
n
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
  
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
7
_
G
P
I
O
B
0
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
7
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
8
_
G
P
I
O
B
1
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
8
 
p
i
n
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
3
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
9
_
G
P
I
O
B
2
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
9
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
0
_
G
P
I
O
B
3
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
0
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
1
_
G
P
I
O
B
4
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
1
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
2
_
G
P
I
O
B
5
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
2
 
p
i
n
  
 
 
 
 
 
 
 
 
 
/
/
 
Q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
D
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
E
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
 
 
 
 
 
E
D
I
S
;
 
/
/
 
D
i
s
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
  
 
 
 
 
 
/
/
 
<
-
 
S
e
t
 
u
p
 
P
W
M
 
o
u
t
p
u
t
s
  
 
 
 
/
/
 
-
>
 
C
o
n
f
i
g
u
r
e
s
 
C
a
p
t
u
r
e
 
1
 
t
o
 
g
e
t
 
T
i
m
e
r
 
2
 
o
n
 
r
i
s
i
n
g
 
e
d
g
e
 
 
 
 
E
A
L
L
O
W
;
 
/
/
 
E
n
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
C
A
P
1
Q
1
_
G
P
I
O
A
8
 
=
 
1
;
 /
/
 
c
o
n
f
i
g
u
r
e
s
 
a
s
 
p
e
r
i
p
h
e
r
a
l
 
f
u
n
c
t
i
o
n
 
(
c
a
p
t
u
r
e
)
  
 
E
D
I
S
;
 
/
/
 
D
i
s
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
P
R
E
S
 
=
 
0
;
 
/
/
 
R
e
l
e
a
s
e
 
f
r
o
m
 
r
e
s
e
t
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
P
1
E
D
G
E
 
=
 
2
;
 
/
/
 
F
a
l
l
i
n
g
 
e
d
g
e
 
o
n
 
c
a
p
t
u
r
e
 
1
 
(
b
e
c
a
u
s
e
 
t
h
e
r
e
 
i
s
 
a
n
 
i
n
v
e
r
s
i
o
n
 
a
t
 
t
h
e
 
V
a
c
 
i
n
p
u
t
)
 
 
E
v
a
R
e
g
s
.
C
A
P
C
O
N
A
.
b
i
t
.
C
A
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k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
p
e
r
i
o
d
 
o
r
 
0
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
5
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
P
R
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
 
 
/
/
 
P
E
R
I
O
D
 
=
 
1
8
0
d
e
g
 
p
h
a
s
e
-
s
h
i
f
t
e
d
 
f
r
o
m
 
T
i
m
e
r
1
=
T
i
m
e
r
2
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
M
P
R
 
=
 
P
E
R
I
O
D
_
2
;
  
 
 
 
 
/
/
 
<
-
 
S
e
t
u
p
 
t
i
m
e
r
s
  
  
 
/
/
 
-
>
 
I
n
i
t
i
a
l
i
s
e
 
C
M
P
R
x
 
 
 
  
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
3
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
6
 
=
 
P
E
R
I
O
D
_
2
;
 
  
 
/
/
 
<
-
 
I
n
i
t
i
a
l
i
s
e
 
C
M
P
R
x
 
  
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
F
A
L
S
E
;
 
 
}
 
/
*
 
e
n
d
 
p
w
m
_
i
n
i
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
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=
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=
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=
=
=
=
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=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
S
t
a
r
t
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
p
w
m
_
s
t
a
r
t
(
v
o
i
d
)
 
{
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
/
/
 
S
e
t
 
p
r
e
c
a
l
c
u
l
a
t
e
d
 
c
o
n
s
t
a
n
t
s
 
 
m
a
x
_
t
i
m
e
 
=
 
M
A
X
_
T
I
M
E
;
 
 
m
a
x
_
t
i
m
e
_
2
 
=
 
2
*
M
A
X
_
T
I
M
E
;
 
 
p
e
r
i
o
d
_
2
 
=
 
P
E
R
I
O
D
_
2
;
 
 
p
e
r
i
o
d
 
=
 
2
*
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
S
t
o
p
 
t
i
m
e
r
s
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
 
 
 
/
/
 
R
e
s
e
t
 
c
o
m
p
a
r
e
 
v
a
l
u
e
s
 
o
n
 
E
V
A
 
 
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
3
 
=
 
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
R
e
s
e
t
 
c
o
m
p
a
r
e
 
v
a
l
u
e
s
 
o
n
 
E
V
B
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
6
 
=
 
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
R
e
s
e
t
 
t
i
m
e
r
s
 
 
E
v
a
R
e
g
s
.
T
1
C
N
T
 
=
 
0
;
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
;
 
/
/
 
P
E
R
I
O
D
=
1
8
0
d
e
g
 
p
h
a
s
e
-
s
h
i
f
t
e
d
 
f
r
o
m
 
T
i
m
e
r
1
=
T
i
m
e
r
2
 
 
 
 
E
I
N
T
;
 
/
/
 
e
n
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
  
/
/
 
R
e
/
S
t
a
r
t
 
t
i
m
e
r
s
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
1
;
 
/
/
 
E
n
a
b
l
e
s
 
T
i
m
e
r
 
1
 
a
n
d
 
T
i
m
e
r
 
2
 
s
i
m
u
l
t
a
n
e
o
u
s
l
y
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
1
;
 
/
/
 
E
n
a
b
l
e
s
 
T
i
m
e
r
 
3
 
 
 
 
/
/
 
R
e
s
e
t
 
v
a
r
i
a
b
l
e
s
 
 
E
V
A
_
A
s
a
t
 
=
 
0
;
 
E
V
A
_
B
s
a
t
 
=
 
0
;
 
E
V
A
_
C
s
a
t
 
=
 
0
;
 
 
E
V
B
_
A
s
a
t
 
=
 
0
;
 
E
V
B
_
B
s
a
t
 
=
 
0
;
 
E
V
B
_
C
s
a
t
 
=
 
0
;
 
 
E
V
A
_
A
s
a
t
_
p
r
e
v
 
=
 
0
;
 
E
V
A
_
B
s
a
t
_
p
r
e
v
 
=
 
0
;
 
E
V
A
_
C
s
a
t
_
p
r
e
v
 
=
 
0
;
 
 
E
V
B
_
A
s
a
t
_
p
r
e
v
 
=
 
0
;
 
E
V
B
_
B
s
a
t
_
p
r
e
v
 
=
 
0
;
 
E
V
B
_
C
s
a
t
_
p
r
e
v
 
=
 
0
;
 
 
 
 
V
S
I
_
E
N
A
B
L
E
(
)
;
 
/
/
 
E
n
a
b
l
e
 
P
W
M
 
o
u
t
p
u
t
s
 
 
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
/
/
 
R
e
s
e
t
 
p
r
o
t
e
c
t
i
o
n
 
i
f
 
r
e
q
u
i
r
e
d
?
  
 
E
N
A
B
L
E
_
G
A
T
E
S
_
E
1
0
(
)
;
 
}
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
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*
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n
 
*
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=
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*
/
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
A
p
p
en
d
ix
 D
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
2
 
2
9
6
 
 
A
d
c
R
e
g
s
.
A
D
C
M
A
X
C
O
N
V
.
a
l
l
 
=
 
0
x
0
0
0
7
;
  
/
/
 
S
e
t
u
p
 
8
 
c
o
n
v
'
s
 
o
n
 
S
E
Q
1
,
 
S
E
Q
2
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
0
 
=
 
0
x
0
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
0
 
a
s
 
1
s
t
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
1
 
=
 
0
x
1
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
1
 
a
s
 
2
n
d
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
2
 
=
 
0
x
2
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
2
 
a
s
 
3
r
d
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
3
 
=
 
0
x
3
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
3
 
a
s
 
4
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
4
 
=
 
0
x
4
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
4
 
a
s
 
5
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
5
 
=
 
0
x
5
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
5
 
a
s
 
6
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
6
 
=
 
0
x
6
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
6
 
a
s
 
7
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
7
 
=
 
0
x
7
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
7
 
a
s
 
8
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
1
.
b
i
t
.
A
C
Q
_
P
S
 
=
 
1
;
  
 
/
/
 
l
e
n
g
t
h
e
n
 
a
c
q
 
w
i
n
d
o
w
 
s
i
z
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
1
.
b
i
t
.
S
E
Q
_
C
A
S
C
 
=
 
1
;
 
 
/
/
 
c
a
s
c
a
d
e
d
 
s
e
q
u
e
n
c
e
r
 
m
o
d
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
E
V
A
_
S
O
C
_
S
E
Q
1
 
=
 
1
;
 /
/
 
E
V
 
m
a
n
a
g
e
r
 
s
t
a
r
t
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
I
N
T
_
E
N
A
_
S
E
Q
1
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
I
N
T
_
M
O
D
_
S
E
Q
1
 
=
 
0
;
 /
/
 
i
n
t
 
a
t
 
e
n
d
 
o
f
 
e
v
e
r
y
 
S
E
Q
1
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
3
.
b
i
t
.
S
M
O
D
E
_
S
E
L
 
=
 
1
;
  
/
/
 
s
i
m
u
l
t
a
n
e
o
u
s
 
s
a
m
p
l
i
n
g
 
m
o
d
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
3
.
b
i
t
.
A
D
C
C
L
K
P
S
 
=
 
0
x
0
4
;
 /
/
 
A
D
C
L
K
 
=
 
H
S
P
C
L
K
/
8
 
(
9
.
3
7
5
M
H
z
)
 
  
/
/
 
M
i
n
i
2
8
1
0
 
A
D
C
 
M
U
X
 
s
e
t
t
i
n
g
 
 
S
E
T
_
A
D
C
A
_
N
C
(
)
;
 
/
/
 
I
3
 
a
n
d
 
V
a
c
3
 
 
S
E
T
_
A
D
C
B
_
N
O
(
)
;
 
/
/
 
A
P
O
T
2
 
a
n
d
 
V
g
e
n
 
 
 
/
*
 
A
D
C
 
R
e
g
i
s
t
e
r
s
:
 
-
 
A
D
C
R
E
S
U
L
T
0
 =
 A
D
C
I
N
A
0
 
-
 
N
C
-
A
:
I
3
 
o
r
 
N
O
-
A
:
A
P
O
T
1
 
-
 
A
D
C
R
E
S
U
L
T
1
 =
 A
D
C
I
N
B
0
 
-
 
V
d
c
2
 
-
 
A
D
C
R
E
S
U
L
T
2
 =
 A
D
C
I
N
A
1
 
-
 
N
C
-
A
:
V
a
c
3
 
o
r
 
N
O
-
A
:
V
d
c
3
 
-
 
A
D
C
R
E
S
U
L
T
3
 =
 A
D
C
I
N
B
1
 
-
 
I
5
 
-
 
A
D
C
R
E
S
U
L
T
4
 =
 A
D
C
I
N
A
2
 
-
 
I
1
 
-
 
A
D
C
R
E
S
U
L
T
5
 =
 A
D
C
I
N
B
2
 
-
 
I
4
 
-
 
A
D
C
R
E
S
U
L
T
6
 =
 A
D
C
I
N
A
3
 
-
 
V
a
c
1
 
-
 
A
D
C
R
E
S
U
L
T
7
 =
 A
D
C
I
N
B
3
 
-
 
V
d
c
1
 
-
 
A
D
C
R
E
S
U
L
T
8
 =
 A
D
C
I
N
A
4
 
-
 
I
2
 
-
 
A
D
C
R
E
S
U
L
T
9
 =
 A
D
C
I
N
B
4
 
-
 
N
O
-
B
:
A
P
O
T
2
 
o
r
 
N
C
-
B
:
I
6
 
-
 
A
D
C
R
E
S
U
L
T
1
0
 =
 A
D
C
I
N
A
5
 
-
 
V
a
c
2
 
-
 
A
D
C
R
E
S
U
L
T
1
1
 =
 A
D
C
I
N
B
5
 
-
 
N
O
-
B
:
V
g
e
n
 
o
r
 
N
C
-
B
:
V
d
c
4
 
-
 
A
D
C
R
E
S
U
L
T
1
2
 =
 A
D
C
I
N
A
6
 
-
 
y
H
A
 
-
 
A
D
C
R
E
S
U
L
T
1
3
 =
 A
D
C
I
N
B
6
 
-
 
y
H
B
 
-
 
A
D
C
R
E
S
U
L
T
1
4
 =
 A
D
C
I
N
A
7
 
-
 
y
L
A
 
-
 
A
D
C
R
E
S
U
L
T
1
5
 =
 A
D
C
I
N
B
7
 
-
 
y
L
B
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i
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*
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/
*
 
A
D
C
s
 
C
a
l
i
b
r
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
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=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
 
{
 
 
d
o
u
b
l
e
 
 
 
y
H
A
 
=
 
0
.
0
,
 
 
 
y
L
A
,
 
 
 
y
H
B
,
 
 
 
y
L
B
;
 
  
y
H
A
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
L
A
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
H
B
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
 
y
L
B
 
=
 
(
d
o
u
b
l
e
)
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
/
(
d
o
u
b
l
e
)
A
D
C
_
C
O
U
N
T
_
C
A
L
;
 
  
c
a
l
_
g
a
i
n
_
A
 
=
 
(
x
H
 
-
 
x
L
)
/
(
y
H
A
 
-
 
y
L
A
)
;
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c
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c
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b
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p
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i
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Appendix E 
DSP Source Code: 
Experimental System #3 
 This appendix provides the TMS320F2810 DSP C source code used in 
experimental system #3. 
E.1. Background Routines – Header File 
 Same as for system #2. 
E.2. Background Routines – C Source File 
// main.c (Background C-File for System #3) 
 
/// Version Number for the software 
#define VERSION_STR   "SP-TC-SBR-V1" 
 
// compiler standard include files 
#include <math.h> 
#include <stdio.h> 
 
// processor standard include files 
#include <DSP281x_Device.h> 
#include <DSP281x_Examples.h> 
#include <bios1.h> 
#include <dac_ad56.h> 
 
// board standard include files 
#include <sf_at45.h> 
#include <lib_mini2810.h> 
#include <lib_cpld.h> 
#include <lib_giib.h> 
 
// common project include files 
 
// local include files 
#include "main.h" 
#include "vsi.h" 
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s
L
o
a
d
E
n
d
,
 
a
n
d
 
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
 
/
/
 
s
y
m
b
o
l
s
 
a
r
e
 
c
r
e
a
t
e
d
 
b
y
 
t
h
e
 
l
i
n
k
e
r
.
 
R
e
f
e
r
 
t
o
 
t
h
e
 
F
2
8
1
0
.
c
m
d
 
f
i
l
e
.
 
 
M
e
m
C
o
p
y
(
&
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
&
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
&
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
)
;
 
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
0
4
 
/
/
 
C
a
l
l
 
F
l
a
s
h
 
I
n
i
t
i
a
l
i
z
a
t
i
o
n
 
t
o
 
s
e
t
u
p
 
f
l
a
s
h
 
w
a
i
t
s
t
a
t
e
s
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
m
u
s
t
 
r
e
s
i
d
e
 
i
n
 
R
A
M
 
 
I
n
i
t
F
l
a
s
h
(
)
;
 
#
e
n
d
i
f
 
  
I
n
i
t
A
d
c
(
)
;
 
 
I
n
i
t
C
p
u
T
i
m
e
r
s
(
)
;
 
  
b
i
o
s
_
i
n
i
t
_
C
O
M
1
(
9
6
0
0
L
)
;
 
 /
/
 
C
o
n
f
i
g
u
r
e
 
C
P
U
-
T
i
m
e
r
 
0
 
t
o
 
i
n
t
e
r
r
u
p
t
 
e
v
e
r
y
 
m
i
l
l
i
s
e
c
o
n
d
:
 
/
/
 
1
5
0
M
H
z
 
C
P
U
 
F
r
e
q
,
 
0
.
0
0
1
 
s
e
c
o
n
d
 
P
e
r
i
o
d
 
(
i
n
 
u
S
e
c
o
n
d
s
)
 
 
C
o
n
f
i
g
C
p
u
T
i
m
e
r
(
&
C
p
u
T
i
m
e
r
0
,
 
1
5
0
.
0
/
*
M
H
z
*
/
,
 
1
0
0
0
.
0
/
*
u
s
*
/
)
;
 
 
S
t
a
r
t
C
p
u
T
i
m
e
r
0
(
)
;
 
 /
/
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
t
o
 
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
r
o
u
t
i
n
e
.
 
 
E
A
L
L
O
W
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
T
I
N
T
0
 
=
 
&
i
s
r
_
c
p
u
_
t
i
m
e
r
0
;
 
 
E
D
I
S
;
 
 /
/
 
E
n
a
b
l
e
 
T
I
N
T
0
 
i
n
 
t
h
e
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
7
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
7
 
=
 
1
;
 
 
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
 
E
n
a
b
l
e
I
n
t
e
r
r
u
p
t
s
(
)
;
 
 
 
 
/
/
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
c
h
i
p
 
s
e
l
e
c
t
s
 
o
n
 
t
h
e
 
b
o
a
r
d
 
a
n
d
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
s
p
i
 
 
D
I
S
A
B
L
E
_
C
P
L
D
(
)
;
  
 
 
 
 
 
/
/
 
D
i
s
a
b
l
e
 
t
h
e
 
C
P
L
D
 
i
n
t
e
r
f
a
c
e
 
 
S
E
T
_
S
P
I
_
M
A
S
T
E
R
(
)
;
  
 
 
 
 
/
/
 
S
e
t
 
t
h
e
 
s
y
s
t
e
m
 
t
o
 
M
a
s
t
e
r
 
m
o
d
e
 
 
C
L
E
A
R
_
O
C
_
S
P
I
_
E
N
(
)
;
  
 
 
 
 
/
/
 
T
u
r
n
 
o
f
f
 
e
x
t
e
r
n
a
l
 
S
P
I
 
a
c
c
e
s
s
 
 
D
I
S
A
B
L
E
_
D
A
C
1
(
)
;
 
 
D
I
S
A
B
L
E
_
D
A
C
2
(
)
;
 
  
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
  
/
/
 
D
e
l
a
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
f
l
a
s
h
 
i
n
t
e
r
n
a
l
 
p
o
w
e
r
 
u
p
 
r
e
s
e
t
 
t
o
 
c
l
e
a
r
 
 
/
/
 
I
f
 
o
t
h
e
r
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
t
a
k
e
s
 
m
o
r
e
 
t
h
a
n
 
2
0
0
m
s
 
o
r
 
t
h
e
 
f
l
a
s
h
 
i
s
 
n
o
t
 
u
s
e
d
 
 
/
/
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
2
0
0
m
s
 
t
h
e
n
 
t
h
e
 
d
e
l
a
y
 
i
s
 
u
n
n
e
c
e
s
s
a
r
y
 
 
{
 
 
 
U
i
n
t
1
6
 
i
 
=
 
3
;
 
  
 
w
h
i
l
e
 
(
i
>
0
)
 
 
 
{
 
 
 
 
w
h
i
l
e
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
=
 
0
)
;
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
-
-
;
 
 
 
}
 
 
}
 
 
/
/
 
 
i
n
i
t
i
a
l
i
s
e
 
f
l
a
s
h
 
R
A
M
 
 
s
f
_
i
n
i
t
(
)
;
 
 
s
f
_
s
e
t
_
p
r
o
t
e
c
t
(
S
F
_
U
N
P
R
O
T
E
C
T
)
;
 
 
i
n
i
t
_
c
p
l
d
(
)
;
 
 
g
i
i
b
_
i
n
i
t
(
)
;
 
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
)
;
 
 
G
r
a
b
I
n
i
t
(
)
;
 
 
 
 
m
o
d
_
d
e
p
t
h
 
=
 
M
O
D
_
D
E
P
T
H
_
M
I
N
;
 
 
v
s
i
_
m
o
d
_
d
e
p
t
h
_
s
e
t
(
m
o
d
_
d
e
p
t
h
)
;
 
 
 
 
/
/
 
R
e
a
d
i
n
g
 
c
o
n
s
t
a
n
t
s
 
 
D
e
b
u
g
1
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
V
D
C
1
_
S
C
;
 
 
D
e
b
u
g
2
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
V
A
C
1
_
S
C
;
 
 
D
e
b
u
g
3
 
=
 
(
d
o
u
b
l
e
)
A
D
C
_
I
A
C
1
_
S
C
;
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
M
a
i
n
 
L
o
o
p
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
i
n
g
l
e
-
P
h
a
s
e
 
T
w
o
-
C
e
l
l
 
S
e
m
i
-
B
r
i
d
g
e
 
R
e
c
t
i
f
i
e
r
 
V
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
\
n
"
)
;
 
 
 
 
f
o
r
(
;
;
)
 
 
{
 
 
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
!
=
 
0
)
 
/
/
 
m
i
l
l
i
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
=
 
0
;
 
 
 
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
)
;
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
0
5
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
!
=
 
0
)
 
/
/
 
t
e
n
t
h
 
o
f
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
f
 
(
G
r
a
b
A
v
a
i
l
(
)
)
 
 
 
 
 
G
r
a
b
D
i
s
p
l
a
y
(
)
;
 
/
/
 
d
i
s
p
l
a
y
 
n
e
w
l
y
 
g
r
a
b
b
e
d
 
d
a
t
a
 
 
 
 
c
o
m
_
k
e
y
b
o
a
r
d
(
)
;
 
/
/
 
p
r
o
c
e
s
s
 
k
e
y
p
r
e
s
s
e
s
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
 
!
=
 
0
)
 
/
/
 
o
n
e
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
 
=
 
0
;
 
 
 
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
G
O
)
 
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
1
)
;
 
/
/
 
t
r
i
g
g
e
r
 
n
e
w
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
 
e
l
s
e
 
/
/
 
l
o
w
 
p
r
i
o
r
i
t
y
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
G
O
)
 
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
0
)
;
 
/
/
 
c
o
n
t
i
n
u
e
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
}
 
/
*
 
e
n
d
 
f
o
r
(
;
;
)
 
*
/
 
  
/
/
 
W
e
 
s
h
o
u
l
d
 
n
e
v
e
r
 
r
e
a
c
h
 
h
e
r
e
!
 
 
 
}
 
/
*
 
e
n
d
 
m
a
i
n
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
C
P
L
D
 
f
o
r
 
t
h
e
 
C
u
r
r
e
n
t
 
A
p
p
l
i
c
a
t
i
o
n
 
*
/
 
v
o
i
d
 
i
n
i
t
_
c
p
l
d
(
v
o
i
d
)
 
{
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
P
W
M
 
s
i
g
n
a
l
s
 
 
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
M
C
O
N
,
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
N
o
 
d
e
a
d
b
a
n
d
 
 
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
N
D
B
,
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
S
i
g
n
a
l
s
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
B
C
O
M
C
O
N
,
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
T
T
L
-
P
l
u
g
 
i
n
 
f
o
r
 
S
e
r
i
a
l
 
P
o
r
t
 
B
 
v
i
a
 
X
1
2
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
S
C
I
B
M
O
D
E
.
b
i
t
.
S
C
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
S
C
I
B
M
O
D
E
,
C
P
L
D
.
S
C
I
B
M
O
D
E
.
a
l
l
)
;
 
 
/
/
 
Q
E
P
 
t
o
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
 
C
P
L
D
.
C
A
P
Q
E
P
.
b
i
t
.
C
P
 
=
 
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
C
A
P
Q
E
P
,
C
P
L
D
.
C
A
P
Q
E
P
.
a
l
l
)
;
 
 
/
/
 
I
n
t
e
r
r
u
p
t
 
S
e
l
e
c
t
 
X
I
N
T
1
A
 
-
 
n
e
g
a
t
i
v
e
 
e
d
g
e
,
 
E
n
a
b
l
e
d
,
 
X
I
N
T
1
B
 
-
 
d
i
s
a
b
l
e
d
 
 
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
I
N
T
S
E
L
,
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
)
;
 
}
 
/
*
 
e
n
d
 
i
n
i
t
_
c
p
l
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
M
i
n
i
2
8
1
0
 
D
A
C
 
t
o
 
0
V
 
o
u
t
p
u
t
 
*
/
 
v
o
i
d
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
v
o
i
d
)
 
{
 
 
/
/
 
S
e
t
 
S
P
I
 
m
o
d
e
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
D
A
C
)
;
 
 
/
/
 
I
n
i
t
i
a
l
i
s
e
 
D
A
C
 
 
d
a
c
_
i
n
i
t
(
)
;
 
 
/
/
 
S
e
t
 
i
n
t
e
r
n
a
l
 
r
e
f
e
r
e
n
c
e
 
 
d
a
c
_
s
e
t
_
r
e
f
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
I
N
T
_
R
E
F
)
;
 
 
/
/
 
P
o
w
e
r
 
u
p
 
D
A
C
 
 
d
a
c
_
p
o
w
e
r
_
d
o
w
n
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
0
x
0
F
)
;
 
 
/
/
 
W
r
i
t
e
 
t
o
 
h
a
l
f
 
v
o
l
t
a
g
e
 
 
d
a
c
_
w
r
i
t
e
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
W
R
n
_
U
P
D
n
,
D
A
C
_
A
D
D
R
_
A
L
L
,
2
0
4
7
)
;
 
}
 
 /
*
 
D
i
s
p
l
a
y
 
o
p
e
r
a
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
o
u
t
 
C
O
M
1
 
*
/
 
v
o
i
d
 
c
o
m
_
d
i
s
p
l
a
y
(
U
i
n
t
1
6
 
m
o
d
e
)
 
{
 
 
s
t
a
t
i
c
 
U
i
n
t
1
6
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
  
 
i
f
 
(
m
o
d
e
 
=
=
 
1
)
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
;
 
 
 
e
l
s
e
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
+
+
;
 
 
 
 
 
 
 
s
w
i
t
c
h
 
(
d
i
s
p
l
a
y
_
s
t
a
t
e
)
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
0
6
 
 
 
{
 
 
 
 
c
a
s
e
 
0
:
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
t
a
t
e
=
 
"
)
;
 
 
 
 
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
1
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
Z
X
T
=
 
%
d
 
"
,
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
2
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
v
D
C
r
e
f
=
%
3
.
0
f
"
,
 
v
s
i
_
g
e
t
_
v
_
d
c
_
r
e
f
(
)
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
3
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
v
D
C
=
%
3
.
0
f
"
,
 
v
s
i
_
g
e
t
_
v
_
d
c
(
)
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
4
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
T
B
1
=
 
%
d
"
,
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
5
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
T
B
2
=
 
%
d
"
,
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
6
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
p
i
=
%
1
.
2
f
"
,
 
M
_
p
_
i
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
7
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
i
i
=
%
1
.
2
f
"
,
 
M
_
i
_
i
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
8
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
p
v
=
%
1
.
2
f
"
,
 
M
_
p
_
v
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
9
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
 
 
M
i
v
=
%
1
.
2
f
"
,
 
M
_
i
_
v
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
1
0
:
 
 
 
 
 
p
u
t
c
h
a
r
_
C
O
M
1
(
'
\
r
'
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
d
e
f
a
u
l
t
:
 
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
}
 
 }
 
/
*
 
e
n
d
 
c
o
m
_
d
i
s
p
l
a
y
 
*
/
 
 v
o
i
d
 
c
o
m
_
k
e
y
b
o
a
r
d
(
v
o
i
d
)
 
{
 
 
c
h
a
r
 
 
 
c
;
 
  
i
f
 
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 
 
{
 
 
 
/
/
p
u
t
c
h
a
r
_
C
O
M
1
(
'
H
'
)
;
 
 
 
c
 
=
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
s
w
i
t
c
h
(
c
)
 
 
 
 
{
 
 
 
 
c
a
s
e
 
'
o
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
-
=
 
1
.
0
;
 
/
/
 
1
V
 
d
e
c
r
e
m
e
n
t
  
 
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
<
 
B
U
S
_
R
E
F
_
M
I
N
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
I
N
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
p
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
+
=
 
1
.
0
;
 /
/
 
1
V
 
i
n
c
r
e
m
e
n
t
  
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
>
 
B
U
S
_
R
E
F
_
M
A
X
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
A
X
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
  
  
 
 
c
a
s
e
 
'
O
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
-
=
 
5
.
0
;
 
/
/
 
1
V
 
d
e
c
r
e
m
e
n
t
  
 
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
<
 
B
U
S
_
R
E
F
_
M
I
N
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
I
N
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
A
p
p
en
d
ix
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D
S
P
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o
u
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C
o
d
e:
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x
p
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en
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S
y
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em
 #
3
 
3
0
7
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
P
'
:
 
 
 
 
 
b
u
s
_
r
e
f
 
+
=
 
5
.
0
;
 /
/
 
1
V
 
i
n
c
r
e
m
e
n
t
  
 
 
 
 
 
 
i
f
 
(
b
u
s
_
r
e
f
 
>
 
B
U
S
_
R
E
F
_
M
A
X
)
 
 
 
 
 
 
b
u
s
_
r
e
f
 
=
 
B
U
S
_
R
E
F
_
M
A
X
;
 
 
 
 
 
 
 
 
 
v
s
i
_
v
_
d
c
_
r
e
f
_
s
e
t
(
b
u
s
_
r
e
f
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
c
a
s
e
 
'
q
'
:
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
-
=
 
2
;
 
 
 
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
Q
'
:
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
-
=
 
2
0
;
  
 
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
w
'
:
 
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
+
=
 
2
;
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
W
'
:
 
 
 
 
 
 
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
 
+
=
 
2
0
;
 
 
 
 
 
C
h
a
n
g
e
Z
X
O
f
f
s
e
t
T
r
i
m
m
m
i
n
g
(
z
x
o
f
f
s
e
t
t
r
i
m
m
i
n
g
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
 
 
 
 
 
c
a
s
e
 
'
t
'
:
 
/
/
 
k
e
y
b
o
a
r
d
 
c
o
n
t
r
o
l
l
e
d
 
t
o
g
g
l
e
 
b
i
t
 
1
 
 
 
 
 
i
f
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
  
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
 
=
 
1
;
 
 
 
 
 
}
 
 
 
 
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
1
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
1
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
'
y
'
:
 
/
/
 
k
e
y
b
o
a
r
d
 
c
o
n
t
r
o
l
l
e
d
 
t
o
g
g
l
e
 
b
i
t
 
2
 
 
 
 
 
i
f
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
 
=
 
0
;
  
 
 
 
 
}
 
 
 
 
 
e
l
s
e
 
 
 
 
 
{
 
 
 
 
 
 
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
 
=
 
1
;
 
 
 
 
 
}
 
 
 
 
 
K
e
y
b
o
a
r
d
T
o
g
g
l
e
B
i
t
2
(
k
e
y
b
o
a
r
d
_
t
o
g
g
l
e
_
b
i
t
2
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
c
a
s
e
 
'
z
'
:
 
 
 
 
 
M
_
p
_
i
 
-
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
p
_
i
 
<
 
0
.
1
)
 
 
 
 
 
 
M
_
p
_
i
 
=
 
0
.
1
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
i
(
M
_
p
_
i
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
x
'
:
 
 
 
 
 
M
_
p
_
i
 
+
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
p
_
i
 
>
 
2
.
0
)
 
 
 
 
 
 
M
_
p
_
i
 
=
 
2
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
i
(
M
_
p
_
i
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
 
 
 
 
c
a
s
e
 
'
v
'
:
 
 
 
 
 
M
_
i
_
i
 
-
=
 
0
.
1
;
 
  
 
 
 
 
 
 
 
i
f
 
(
M
_
i
_
i
 
<
 
0
.
1
)
 
 
 
 
 
 
M
_
i
_
i
 
=
 
0
.
1
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
i
(
M
_
i
_
i
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
b
'
:
 
 
 
 
 
M
_
i
_
i
 
+
=
 
0
.
1
;
 
  
 
 
 
 
 
 
i
f
 
(
M
_
i
_
i
 
>
 
2
.
0
)
 
 
 
 
 
 
M
_
i
_
i
 
=
 
2
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
i
(
M
_
i
_
i
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
h
'
:
 
 
 
 
 
M
_
p
_
v
 
-
=
 
0
.
2
;
 
 
  
 
 
 
 
i
f
 
(
M
_
p
_
v
 
<
 
0
.
2
)
 
 
 
 
 
 
M
_
p
_
v
 
=
 
0
.
2
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
v
(
M
_
p
_
v
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
j
'
:
 
 
 
 
 
M
_
p
_
v
 
+
=
 
0
.
2
;
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x
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S
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3
 
3
0
8
 
 
 
 
 
i
f
 
(
M
_
p
_
v
 
>
 
8
.
0
)
 
 
 
 
 
 
M
_
p
_
v
 
=
 
8
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
p
_
v
(
M
_
p
_
v
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
c
a
s
e
 
'
k
'
:
 
 
 
 
 
M
_
i
_
v
 
-
=
 
0
.
2
;
 
  
 
 
 
 
 
 
i
f
 
(
M
_
i
_
v
 
<
 
0
.
2
)
 
 
 
 
 
 
M
_
i
_
v
 
=
 
0
.
2
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
v
(
M
_
i
_
v
)
;
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
l
'
:
 
 
 
 
 
M
_
i
_
v
 
+
=
 
0
.
2
;
 
 
  
 
 
 
 
 
i
f
 
(
M
_
i
_
v
 
>
 
8
.
0
)
 
 
 
 
 
 
M
_
i
_
v
 
=
 
8
.
0
;
  
 
 
 
 
 
 
 
C
h
a
n
g
e
K
i
_
v
(
M
_
i
_
v
)
;
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
c
a
s
e
 
'
d
'
:
 
/
*
 
d
i
s
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
S
t
o
p
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
e
'
:
 
/
*
 
e
n
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
i
f
(
v
s
i
_
g
e
t
_
m
o
d
e
(
)
=
=
V
S
I
_
M
O
D
E
_
S
T
O
P
)
 
 
 
 
 
 
S
t
a
r
t
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
g
'
:
 
 
 
 
 
G
r
a
b
S
t
a
r
t
(
G
R
A
B
_
L
E
N
G
T
H
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
c
'
:
 
 
 
 
 
G
r
a
b
C
l
e
a
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
c
o
m
_
k
e
y
b
o
a
r
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
g
r
a
b
 
d
a
t
a
 
s
t
o
r
a
g
e
 
a
r
r
a
y
 
*
/
 
v
o
i
d
 
G
r
a
b
I
n
i
t
(
v
o
i
d
)
 
{
 
 
i
n
t
 
i
,
j
;
 
 
g
r
a
b
_
i
n
d
e
x
 
=
 
0
;
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
T
O
P
P
E
D
;
 
 
/
*
 
c
l
e
a
r
 
t
h
e
 
g
r
a
b
 
a
r
r
a
y
 
*
/
 
 
f
o
r
 
(
i
=
0
;
 
i
<
G
R
A
B
_
L
E
N
G
T
H
;
 
i
+
+
)
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
 
g
r
a
b
_
a
r
r
a
y
[
i
]
[
j
]
 
=
 
0
;
 
 
 
/
*
 
e
n
d
 
f
o
r
 
i
 
*
/
 
 
/
*
 
e
n
d
 
f
o
r
 
j
 
*
/
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
G
O
;
 
}
 
/
*
 
e
n
d
 
G
r
a
b
I
n
i
t
 
*
/
 
 /
*
 
D
i
s
p
l
a
y
 
t
h
e
 
g
r
a
b
b
e
d
 
d
a
t
a
 
f
o
r
 
f
i
l
e
 
s
t
o
r
a
g
e
 
m
o
d
e
 
=
=
 
1
 
p
r
i
n
t
s
 
t
h
e
 
h
e
a
d
e
r
,
 
e
l
s
e
 
p
r
i
n
t
s
 
a
 
l
i
n
e
 
o
f
 
g
r
a
b
b
e
d
 
d
a
t
a
 
s
t
a
r
t
s
 
f
r
o
m
 
g
r
a
b
_
i
n
d
e
x
 
a
n
d
 
c
o
n
t
i
n
u
e
s
 
o
n
.
 
*
/
 
v
o
i
d
 
G
r
a
b
D
i
s
p
l
a
y
(
v
o
i
d
)
 
{
 
 
i
n
t
 
j
;
 
 
s
t
a
t
i
c
 
i
n
t
 
i
 
=
 
0
;
  
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
T
O
P
P
E
D
)
 
 
{
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
i
\
t
"
)
;
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
j
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
i
 
=
 
0
;
 
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
H
O
W
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
H
O
W
)
 
 
{
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
i
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
g
r
a
b
_
a
r
r
a
y
[
g
r
a
b
_
i
n
d
e
x
]
[
j
]
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
/
/
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
g
r
a
b
_
i
n
d
e
x
+
+
;
 
 
 
i
f
 
(
g
r
a
b
_
i
n
d
e
x
 
>
=
 
G
R
A
B
_
L
E
N
G
T
H
)
 
 
 
 
g
r
a
b
_
i
n
d
e
x
 
=
 
0
;
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i
+
+
;
 
 
 
i
f
 
(
i
 
>
=
 
G
R
A
B
_
L
E
N
G
T
H
)
 
 
 
{
 
 
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
G
O
;
 
 
 
}
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
G
r
a
b
D
i
s
p
l
a
y
 
*
/
 
 v
o
i
d
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
v
o
i
d
)
 
{
 
 
s
w
i
t
c
h
(
v
s
i
_
g
e
t
_
m
o
d
e
(
)
)
 
 
{
 
 
 
c
a
s
e
 
V
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,
 
w
h
o
_
i
s
_
i
t
;
 
i
n
t
1
6
 
 
v
s
i
_
m
o
d
_
d
e
p
t
h
_
r
e
f
 
=
 
0
,
 
 
v
s
i
_
c
o
m
m
o
n
_
m
o
d
e
_
o
f
f
s
e
t
 
=
 
0
,
 
 
m
a
x
_
t
i
m
e
,
 
m
a
x
_
t
i
m
e
_
2
,
 
 
V
o
f
f
,
 
 
E
V
A
_
A
s
a
t
 
=
 
0
,
 
E
V
A
_
B
s
a
t
 
=
 
0
,
 
E
V
A
_
C
s
a
t
 
=
 
0
,
 
 
E
V
B
_
A
s
a
t
 
=
 
0
,
 
E
V
B
_
B
s
a
t
 
=
 
0
,
 
E
V
B
_
C
s
a
t
 
=
 
0
,
 
 
E
V
A
_
A
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
A
_
B
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
A
_
C
s
a
t
_
p
r
e
v
 
=
 
0
,
 
 
E
V
B
_
A
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
B
_
B
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
B
_
C
s
a
t
_
p
r
e
v
 
=
 
0
;
 
 i
n
t
3
2
 
 
v
s
i
_
m
o
d
_
d
e
p
t
h
 
=
 
0
,
 
t
_
E
V
A
_
A
 
=
 
0
,
 
t
_
E
V
A
_
B
 
=
 
0
,
 
t
_
E
V
A
_
C
 
=
 
0
,
 
t
_
E
V
B
_
A
 
=
 
0
,
 
t
_
E
V
B
_
B
 
=
 
0
,
 
t
_
E
V
B
_
C
 
=
 
0
;
  
 /
/
 
D
i
g
i
t
a
l
 
t
o
 
A
n
a
l
o
g
 
i
n
t
1
6
 
 
D
A
C
_
o
u
t
;
 
 
 
i
n
t
3
2
 
 
 
D
A
C
_
o
u
t
_
l
o
n
g
;
 
 /
/
/
 
M
e
a
s
u
r
e
d
 
q
u
a
n
t
i
t
e
s
 
f
r
o
m
 
t
h
e
 
a
d
c
 
t
y
p
e
_
a
d
c
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
1
5
 
 
a
d
c
 
=
 
 
{
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
c
a
l
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
_
b
a
k
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
_
b
a
k
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
c
a
l
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
v
h
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
r
m
s
 
 
 
/
/
t
y
p
e
_
a
d
c
_
c
h
 
 
 
{
 
 
0
,
 
 /
/
 
r
a
w
 
 
 
 
 
 
0
,
 
 /
/
 
f
i
l
t
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
.
0
 
 /
/
 
r
e
a
l
 
 
 
 
 
 
}
,
 
  
 
 
 
 
 
 
/
/
 
I
3
 
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
 /
/
 
V
d
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
3
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
5
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
4
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
d
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
A
P
O
T
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
g
e
n
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
B
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
L
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
 /
/
 
y
L
B
 
 
}
;
 
 /
/
/
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
 
c
a
l
_
g
a
i
n
A
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
g
a
i
n
B
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
A
 
=
 
0
,
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
B
 
=
 
0
;
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 /
*
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
*
/
 
d
o
u
b
l
e
 
 
c
a
l
_
g
a
i
n
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
o
f
f
s
e
t
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
g
a
i
n
_
B
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 
c
a
l
_
o
f
f
s
e
t
_
B
;
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 /
*
 
F
a
u
l
t
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
,
 /
/
/
<
 
b
i
t
s
 
s
e
t
 
f
o
r
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
(
p
o
s
s
i
b
l
y
 
c
l
e
a
r
e
d
)
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
=
 
0
,
/
/
/
<
 
c
o
u
n
t
 
o
f
 
f
a
u
l
t
s
 
f
o
r
 
l
o
c
k
i
n
g
 
o
u
t
 
b
a
d
 
f
a
u
l
t
s
 
 
v
a
c
_
u
n
d
e
r
v
o
l
t
a
g
e
 
=
 
0
;
 
/
/
/
<
 
c
o
u
n
t
 
o
f
 
V
a
c
 
u
n
d
e
r
v
o
l
t
a
g
e
 
c
y
c
l
e
s
 
  
c
o
n
s
t
 
c
h
a
r
 
h
e
x
[
1
6
]
 
=
 
{
"
0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
"
}
;
 
/
/
 
a
u
x
i
l
i
a
r
y
 
v
a
r
i
a
b
l
e
 
t
o
 
p
r
i
n
t
 
f
a
u
l
t
 
c
o
d
e
 
 e
x
t
e
r
n
 
c
h
a
r
 
 
s
t
r
[
3
0
]
;
 
 
 
/
*
 
Z
e
r
o
 
C
r
o
s
s
i
n
g
 
S
y
n
c
h
 
V
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
Z
X
_
s
e
e
n
 
=
 
0
,
 
/
/
/
<
 
f
l
a
g
 
s
e
t
 
w
h
e
n
 
a
 
z
x
 
e
v
e
n
t
 
i
s
 
d
e
t
e
c
t
e
d
 
 
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
F
l
a
g
 
t
o
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
s
y
n
c
 
i
s
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
,
 /
/
/
<
 
>
 
Z
X
_
S
Y
N
C
_
L
I
M
I
T
 
m
e
a
n
s
 
t
h
a
t
 
s
y
n
c
 
h
a
s
 
b
e
e
n
 
a
c
h
i
e
v
e
d
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
,
 /
/
/
<
 
S
t
a
t
e
 
o
f
 
t
h
e
 
z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
y
n
c
h
 
p
r
o
c
e
s
s
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
,
 /
/
/
<
 
T
h
e
 
n
u
m
b
e
r
 
o
f
 
s
w
i
t
c
h
i
n
g
 
c
y
c
l
e
s
 
b
e
t
w
e
e
n
 
Z
X
 
i
n
t
e
r
r
u
p
t
s
 
 
Z
X
_
c
o
u
n
t
_
g
r
a
b
,
 
/
/
 
f
o
r
 
g
r
a
b
 
c
o
d
e
 
o
n
l
y
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
,
 /
/
/
<
 
C
o
u
n
t
 
o
f
 
n
u
m
b
e
r
 
o
f
 
Z
X
s
 
d
u
r
i
n
g
 
a
v
e
r
a
g
i
n
g
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
/
/
/
<
 
R
u
n
n
i
n
g
 
s
u
m
 
f
o
r
 
a
v
e
r
a
g
e
 
 i
n
t
1
6
 
 
Z
X
_
t
i
m
e
 
=
 
0
;
 /
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
t
i
m
e
r
 
u
n
i
t
s
 
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
1
6
 
i
n
t
3
2
 
 
Z
X
_
t
i
m
e
_
p
h
a
s
e
 
=
 
0
L
,
 
/
/
/
<
 
T
i
m
e
 
o
f
 
c
a
p
t
u
r
e
d
 
Z
X
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
 
z
x
_
o
f
f
s
e
t
 
=
 
Z
X
_
O
F
F
S
E
T
_
P
O
S
,
 
/
/
/
<
 
v
a
r
i
a
b
l
e
 
o
f
f
s
e
t
 
f
o
r
 
t
u
n
i
n
g
 
 
Z
X
_
p
h
a
s
e
_
s
c
a
l
e
 
=
 
0
L
,
 
/
/
/
<
 
S
c
a
l
e
 
f
a
c
t
o
r
 
b
e
t
w
e
e
n
 
t
i
m
e
r
 
a
n
d
 
p
h
a
s
e
 
u
n
i
t
s
 
 
Z
X
_
p
h
a
s
e
_
e
r
r
 
=
 
0
L
,
 
/
/
/
<
 
D
i
f
f
e
r
e
n
c
e
 
i
n
 
p
h
a
s
e
 
u
n
i
t
s
 
(
2
^
1
6
 
=
=
 
3
6
0
d
e
g
)
 
 
Z
X
_
e
r
r
_
s
u
m
 
=
 
0
L
;
 
/
/
/
<
 
I
n
t
e
g
r
a
l
 
f
o
r
 
f
r
e
q
u
e
n
c
y
 
c
o
n
t
r
o
l
 
 
 
/
*
 
D
e
b
u
g
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
T
o
g
g
l
e
B
i
t
1
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
2
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
4
 
=
 
0
,
 
 
i
t
e
m
p
;
 
 U
i
n
t
3
2
 
C
o
u
n
t
e
r
1
 
=
 
0
;
  
 /
*
 
A
p
p
l
i
c
a
t
i
o
n
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
b
l
e
s
 
*
/
 
i
n
t
3
2
 
z
x
_
o
f
f
s
e
t
_
t
r
i
m
m
i
n
g
 
=
 
0
;
 
 
 
U
i
n
t
1
6
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
r
e
f
 
=
 
5
9
9
;
 
/
/
 
3
8
0
V
 
-
>
 
1
4
2
4
,
 
1
6
0
V
 
-
>
 
5
9
9
,
 
8
0
V
 
-
>
 
2
9
9
,
 
3
4
5
V
 
-
>
 
1
2
9
3
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
o
l
d
 
=
 
0
;
 
i
n
t
1
6
 
v
_
d
c
_
e
r
r
_
a
v
g
 
=
 
0
;
 
 d
o
u
b
l
e
 
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
.
0
;
 
U
i
n
t
1
6
 
s
a
t
u
r
a
t
e
d
_
a
b
s
_
i
_
i
n
_
r
e
f
_
p
k
 
=
 
0
;
 
 i
n
t
1
6
 
i
_
i
n
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
r
e
f
 
=
 
0
;
 
i
n
t
1
6
 
i
_
i
n
_
e
r
r
 
=
 
0
;
 
 i
n
t
1
6
 
v
_
a
c
 
=
 
0
;
 
i
n
t
1
6
 
v
_
a
c
_
p
k
 
=
 
3
0
1
;
 
/
/
 
2
4
0
V
r
m
s
 
3
3
9
V
p
k
 
-
>
 
1
4
3
9
,
 
1
0
0
V
r
m
s
 
1
4
1
V
p
k
 
-
>
 
5
9
8
,
 
5
0
V
r
m
s
 
7
1
V
p
k
 
-
>
 
3
0
1
 
 
d
o
u
b
l
e
 
f
f
_
t
e
r
m
 
=
 
0
;
 
d
o
u
b
l
e
 
f
b
_
t
e
r
m
 
=
 
0
;
 
 d
o
u
b
l
e
 
i
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
i
_
i
n
t
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
p
r
o
p
 
=
 
0
;
 
d
o
u
b
l
e
 
v
_
i
n
t
 
=
 
0
;
 
 d
o
u
b
l
e
 
K
p
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
i
 
=
 
0
;
 
d
o
u
b
l
e
 
K
p
_
v
 
=
 
0
;
 
d
o
u
b
l
e
 
K
i
_
v
 
=
 
0
;
 
 i
n
t
3
2
 
C
M
P
R
1
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
2
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
4
 
=
 
0
;
 
i
n
t
3
2
 
C
M
P
R
5
 
=
 
0
;
 
 i
n
t
1
6
 
s
i
n
_
v
a
l
_
o
l
d
 
=
 
0
;
 
 d
o
u
b
l
e
 
M
u
l
t
_
p
_
i
 
=
 
0
.
5
,
 
M
u
l
t
_
i
_
i
 
=
0
.
5
;
 
d
o
u
b
l
e
 
M
u
l
t
_
p
_
v
 
=
 
1
.
0
,
 
M
u
l
t
_
i
_
v
 
=
 
1
.
0
;
 
 U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
1
 
=
 
0
;
 
U
i
n
t
1
6
 
k
t
o
g
g
l
e
_
b
i
t
2
 
=
 
1
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
 
P
r
o
t
o
t
y
p
e
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
/
/
 
p
w
m
 
i
n
t
e
r
r
u
p
t
 
f
o
r
 
v
s
i
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
;
 
 /
/
/
 
P
D
P
I
N
T
 
V
S
I
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
;
 
 /
/
/
 
X
I
N
T
1
 
H
V
 
D
C
 
O
v
e
r
 
v
o
l
t
a
g
e
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
P
W
M
 
o
u
t
p
u
t
s
 
(
V
S
I
)
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
1
7
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
t
a
r
t
s
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
p
w
m
_
s
t
a
r
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
A
D
C
 
f
o
r
 
s
a
m
p
l
i
n
g
 
t
r
i
g
g
e
r
e
d
 
b
y
 
P
W
M
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
a
l
i
b
r
a
t
e
s
 
t
h
e
 
a
d
c
 
f
o
r
 
g
a
i
n
 
a
n
d
 
o
f
f
s
e
t
 
u
s
i
n
g
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
i
n
p
u
t
s
.
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
;
 
 /
/
/
 
S
c
a
l
e
s
 
t
h
e
 
f
i
l
t
e
r
e
d
 
A
D
C
 
q
u
a
n
t
i
t
i
e
s
 
f
o
r
 
u
s
e
 
i
n
 
b
a
c
k
g
r
o
u
n
d
.
 
v
o
i
d
 
a
d
c
_
s
c
a
l
e
(
v
o
i
d
)
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
D
e
f
i
n
i
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 v
o
i
d
 
/
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
t
h
e
 
V
S
I
 
r
e
g
u
l
a
t
o
r
 
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
,
 
/
/
/
 
s
o
f
t
 
c
h
a
r
g
e
 
d
c
 
b
u
s
 
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
i
n
g
 
f
o
r
 
s
t
a
r
t
 
t
r
i
g
g
e
r
 
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
,
 
/
/
/
 
r
a
m
p
s
 
u
p
 
t
h
e
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
/
/
 s
t
_
v
s
i
_
r
a
m
p
(
v
o
i
d
)
,
 
/
/
/
 
m
a
i
n
t
a
i
n
i
n
g
 
t
a
r
g
e
t
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
 
f
o
r
 
f
a
u
l
t
s
 
t
o
 
c
l
e
a
r
 
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
u
r
r
e
n
t
 
V
S
I
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
A
c
t
i
v
e
 
F
u
n
c
t
i
o
n
 
S
t
a
t
e
_
T
y
p
e
 
 
v
s
i
_
s
t
a
t
e
 
=
 
 
{
 
 
 
&
s
t
_
v
s
i
_
i
n
i
t
,
  
/
/
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
p
t
r
 
 
 
1
  
 
 
 
/
/
 
f
i
r
s
t
 
s
t
a
t
e
 
f
l
a
g
 
 
}
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
E
x
p
o
r
t
e
d
 
V
S
I
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
R
u
n
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
a
n
d
 
l
o
o
k
 
a
f
t
e
r
 
b
a
c
k
g
r
o
u
n
d
 
a
v
e
r
a
g
i
n
g
 
a
n
d
 
A
D
C
 
t
a
s
k
s
 
*
/
 
v
o
i
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
v
o
i
d
)
 
{
 
 
D
O
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
i
f
 
(
a
d
c
.
f
l
a
g
_
c
a
l
 
!
=
 
0
)
 
 
{
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
)
;
 
 
}
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
{
 
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
=
 
0
)
 
 
 
{
 
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
-
-
;
 
 
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
 
 
{
 
 
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
 
 
 
}
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
 
*
/
 
 /
*
 
R
e
t
u
n
s
 
m
o
d
u
l
a
t
i
o
n
 
s
t
a
t
u
s
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
U
i
n
t
1
6
 
I
s
M
o
d
u
l
a
t
i
n
g
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
i
s
_
m
o
d
u
l
a
t
i
n
g
;
 
}
 
 /
*
 
U
s
e
r
 
s
t
a
r
t
 
P
W
M
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
 
*
/
 
v
o
i
d
 
S
t
a
r
t
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
1
;
 
}
 
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
1
8
 
/
*
 
U
s
e
r
 
s
t
o
p
 
P
M
W
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
v
o
i
d
 
S
t
o
p
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
  
}
 
 /
*
 
C
h
e
c
k
 
s
y
s
t
e
m
 
s
t
a
t
u
s
.
 
\
r
e
t
v
a
l
 
1
 
 
s
y
s
t
e
m
 
r
u
n
n
i
n
g
 
\
r
e
t
v
a
l
 
0
 
 
s
y
s
t
e
m
 
s
t
o
p
p
e
d
 
\
r
e
t
v
a
l
 
-
1
 
 
s
y
s
t
e
m
 
f
a
u
l
t
e
d
 
*
/
 
i
n
t
1
6
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
(
v
o
i
d
)
 
{
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
 
r
e
t
u
r
n
 
-
1
;
 
 
e
l
s
e
 
 
 
r
e
t
u
r
n
 
1
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
 
*
/
 
 /
*
 
G
e
t
s
 
a
l
l
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
s
i
n
c
e
 
l
a
s
t
 
c
l
e
a
r
.
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
 
*
/
 
  /
*
 
C
l
e
a
r
 
t
h
e
 
d
e
t
e
c
t
e
d
 
f
a
u
l
t
s
.
 
*
/
 
v
o
i
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
{
 
 
 
R
E
S
E
T
_
G
A
T
E
S
(
)
;
 
 
 
R
E
S
E
T
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
A
A
0
0
;
 
 
}
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
 
 
i
f
 
(
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
P
D
P
I
N
T
A
S
T
A
T
U
S
 
=
=
 
0
)
 
 
{
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
R
e
t
r
i
e
v
e
 
p
r
e
s
e
n
t
 
o
p
e
r
a
t
i
n
g
 
m
o
d
e
 
o
f
 
v
s
i
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
m
o
d
e
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
m
o
d
e
;
 
  
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
R
U
N
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
S
T
O
P
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
i
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
I
T
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
P
U
T
_
C
H
A
R
G
E
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
 
e
l
s
e
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
  
r
e
t
u
r
n
 
m
o
d
e
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
m
o
d
e
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
1
9
 
/
*
 
I
n
t
e
r
r
u
p
t
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
M
a
i
n
 
V
S
I
 
I
S
R
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
p
w
m
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
 
{
 
 
T
o
g
g
l
e
B
i
t
2
 
=
 
!
T
o
g
g
l
e
B
i
t
2
;
 
 
i
f
(
T
o
g
g
l
e
B
i
t
2
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
 
 
 
 
/
*
 
F
i
n
d
 
o
u
t
 
t
h
e
 
d
i
r
e
c
t
i
o
n
 
w
h
i
c
h
 
t
h
e
 
t
i
m
e
r
s
 
a
r
e
 
g
o
i
n
g
 
*
/
 
 
/
/
1
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
r
i
s
i
n
g
 
(
u
n
d
e
r
f
l
o
w
 
i
n
t
e
r
r
u
p
t
)
 
 
/
/
0
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
f
a
l
l
i
n
g
 
(
p
e
r
i
o
d
 
i
n
t
e
r
r
u
p
t
)
 
 
t
i
m
e
r
1
_
d
i
r
 
=
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
b
i
t
.
T
1
S
T
A
T
;
 
 
t
i
m
e
r
3
_
d
i
r
 
=
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
3
S
T
A
T
;
 
 
 
 
/
/
i
f
(
t
i
m
e
r
1
_
d
i
r
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
/
/
i
f
(
t
i
m
e
r
3
_
d
i
r
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
D
C
s
 
R
e
a
d
i
n
g
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
 
/
*
 
R
e
a
d
 
a
n
d
 
s
c
a
l
e
 
A
D
C
 
v
a
l
u
e
s
 
*
/
 
 
/
/
 
W
a
i
t
 
f
o
r
 
A
D
C
 
t
o
 
b
e
 
f
i
n
i
s
h
e
d
 
 
w
h
i
l
e
(
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
S
E
Q
1
_
B
S
Y
)
;
 
  
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
4
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
1
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
8
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
2
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
2
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
i
_
i
n
 
=
 
a
d
c
.
I
2
.
r
a
w
;
 
/
/
 
I
n
p
u
t
 
c
u
r
r
e
n
t
 
f
o
r
 
c
o
n
t
r
o
l
 
p
u
r
p
o
s
e
s
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
0
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
3
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
3
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
  
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
V
d
c
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
7
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
V
d
c
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
V
d
c
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
B
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
B
 
-
 
(
i
n
t
1
6
)
A
D
C
_
V
D
C
_
O
F
F
S
E
T
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
V
a
c
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
6
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
V
a
c
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
V
a
c
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
V
D
C
_
O
F
F
S
E
T
;
 
 
 
 
a
d
c
.
V
a
c
2
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
0
>
>
4
)
;
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
a
d
c
.
V
a
c
2
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
V
a
c
2
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
V
D
C
_
O
F
F
S
E
T
;
  
   
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
H
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
2
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
H
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
3
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
L
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
4
>
>
4
)
;
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
y
L
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
5
>
>
4
)
;
 
 
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
0
 
 
/
/
 
s
t
o
r
e
 
c
a
l
i
b
r
a
t
i
o
n
 
r
e
f
e
r
e
n
c
e
s
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
A
.
r
a
w
;
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
B
.
r
a
w
;
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
A
.
r
a
w
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
B
.
r
a
w
;
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
+
+
;
 
 
i
f
 
(
a
d
c
.
c
o
u
n
t
_
c
a
l
 
>
 
A
D
C
_
C
O
U
N
T
_
C
A
L
)
 
 
{
 
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
;
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
1
;
 
 
}
 
  
/
/
 
R
e
i
n
i
t
i
a
l
i
s
e
 
f
o
r
 
n
e
x
t
 
A
D
C
 
s
e
q
u
e
n
c
e
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
R
S
T
_
S
E
Q
1
 
=
 
1
;
 
 
 
/
/
 
R
e
s
e
t
 
S
E
Q
1
 
 
 
 
/
/
 
f
a
s
t
 
f
i
l
t
e
r
 
A
D
C
 
r
e
s
u
l
t
s
 
 
a
d
c
.
I
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
1
.
f
i
l
t
 
+
 
a
d
c
.
I
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
I
2
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
2
.
f
i
l
t
 
+
 
a
d
c
.
I
2
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
I
3
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
3
.
f
i
l
t
 
+
 
a
d
c
.
I
3
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
V
d
c
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
V
d
c
1
.
f
i
l
t
 
+
 
a
d
c
.
V
d
c
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
V
a
c
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
V
a
c
1
.
f
i
l
t
 
+
 
a
d
c
.
V
a
c
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
a
d
c
.
V
a
c
2
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
V
a
c
2
.
f
i
l
t
 
+
 
a
d
c
.
V
a
c
2
.
r
a
w
 
+
 
2
)
>
>
2
;
  
 
v
_
a
c
 
=
 
-
a
d
c
.
V
a
c
2
.
f
i
l
t
;
 
/
/
 
c
h
a
n
g
e
d
 
f
r
o
m
 
V
a
c
1
 
t
o
 
V
a
c
2
 
t
o
 
m
e
a
s
u
r
e
 
t
h
e
 
v
o
l
t
a
g
e
 
s
u
p
p
l
i
e
d
 
t
o
 
t
h
e
 
p
r
i
m
a
r
y
 
s
i
d
e
 
o
f
 
t
h
e
 
i
s
o
l
a
t
i
o
n
 
t
r
a
n
s
f
o
r
m
e
r
 
 
v
_
a
c
 
=
 
v
_
a
c
>
>
1
;
 
/
/
 
d
i
v
i
d
e
 
b
y
 
t
w
o
 
t
o
 
a
c
c
o
u
n
t
 
f
o
r
 
t
u
r
n
s
 
r
a
t
i
o
 
a
=
2
 
(
2
4
0
V
r
m
s
 
o
n
 
t
h
e
 
p
r
i
m
a
r
y
 
s
i
d
e
 
p
r
o
d
u
c
e
s
 
1
2
0
V
r
m
s
 
o
n
 
e
a
c
h
 
s
e
c
o
n
d
a
r
y
 
s
i
d
e
)
 
 
v
_
d
c
 
=
 
-
a
d
c
.
V
d
c
1
.
f
i
l
t
;
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
y
n
c
h
r
o
n
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
i
f
 
(
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
b
i
t
.
C
A
P
1
F
I
F
O
 
!
=
 
0
)
 
 
{
  
 
 
 
/
/
 
s
e
t
 
f
l
a
g
 
t
o
 
r
u
n
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
 
r
u
n
_
v
o
l
t
a
g
e
_
c
o
n
t
r
o
l
l
e
r
 
=
 
1
;
 
 
 
 
 
 
T
o
g
g
l
e
B
i
t
4
 
=
 
!
T
o
g
g
l
e
B
i
t
4
;
 
 
 
i
f
(
T
o
g
g
l
e
B
i
t
4
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
  
 
 
 
 
 
 
Z
X
_
t
i
m
e
 
=
 
P
E
R
I
O
D
 
-
 
E
v
a
R
e
g
s
.
C
A
P
1
F
I
F
O
;
 
 
 
Z
X
_
s
e
e
n
 
=
 
1
;
 
 
 
E
v
a
R
e
g
s
.
C
A
P
F
I
F
O
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
d
u
m
p
 
a
n
y
 
o
t
h
e
r
 
c
a
p
t
u
r
e
d
 
v
a
l
u
e
s
  
 
 
}
 
  
Z
X
_
c
o
u
n
t
+
+
;
 
 
i
f
 
(
Z
X
_
c
o
u
n
t
 
>
 
Z
X
_
M
A
X
_
C
O
U
N
T
)
 /
*
 
Z
e
r
o
 
c
r
o
s
s
i
n
g
 
s
i
g
n
a
l
 
l
o
s
t
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
{
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
/
*
 
H
a
l
t
 
m
o
d
u
l
a
t
i
o
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
L
O
S
T
;
  
/
*
 
R
e
s
t
a
r
t
 
s
e
a
r
c
h
i
n
g
 
f
o
r
 
s
y
n
c
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
Z
X
_
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
}
 
  
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
L
O
S
T
)
  
/
*
 
N
o
 
i
d
e
a
 
o
f
 
a
n
y
t
h
i
n
g
:
 
s
t
a
r
t
 
f
r
e
q
 
e
s
t
.
*
/
 
 
{
 
 
 
i
n
_
s
y
n
c
 
=
 
0
;
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
 
=
 
0
;
 
 
 
 
Z
X
_
s
u
m
 
=
 
0
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
 
 
 
 
Z
X
_
s
t
a
t
e
 
=
 
Z
X
_
E
S
T
;
 
 
 
}
 
 
}
 
 
e
l
s
e
 
i
f
 
(
Z
X
_
s
t
a
t
e
 
=
=
 
Z
X
_
E
S
T
)
 /
*
 
R
o
u
g
h
l
y
 
m
e
a
s
u
r
e
 
p
e
r
i
o
d
 
a
n
d
 
a
v
e
r
a
g
e
 
 
*
/
 
 
{
 
 
 
i
f
 
(
Z
X
_
s
e
e
n
 
!
=
 
0
)
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
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en
ta
l 
S
y
st
em
 #
3
 
3
2
1
 
 
 
{
 
 
 
 
Z
X
_
s
e
e
n
 
=
 
0
;
 
 
 
 
Z
X
_
c
y
c
l
e
s
+
+
;
 
 
 
 
Z
X
_
s
u
m
 
+
=
 
Z
X
_
c
o
u
n
t
;
 
 
 
 
Z
X
_
c
o
u
n
t
 
=
 
0
;
  
 
 
/
*
 
R
e
s
e
t
 
c
o
u
n
t
e
r
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*
/
 
 
 
}
 
 
 
i
f
 
(
Z
X
_
c
y
c
l
e
s
 
>
=
 
Z
X
_
C
Y
C
L
E
_
A
V
G
)
 
 
 
{
 
 
 
 
Z
X
_
s
u
m
 
=
 
Z
X
_
s
u
m
/
Z
X
_
C
Y
C
L
E
_
A
V
G
;
 
 
 
 
p
h
a
s
e
_
s
t
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l
)
)
>
>
1
4
)
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
I
n
p
u
t
 
C
u
r
r
e
n
t
 
C
o
n
t
r
o
l
l
e
r
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 i
_
i
n
_
e
r
r
 
=
 
i
_
i
n
_
r
e
f
 
-
 
i
_
i
n
;
 
 i
_
p
r
o
p
 
=
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
i
n
_
e
r
r
*
K
p
_
i
*
M
u
l
t
_
p
_
i
)
;
 
 i
_
i
n
t
 
=
 
i
_
i
n
t
 
+
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
i
n
_
e
r
r
*
K
i
_
i
*
M
u
l
t
_
i
_
i
)
;
 
 
 
i
f
(
(
(
f
f
_
t
e
r
m
 
-
 
f
b
_
t
e
r
m
)
 
<
 
-
1
.
0
)
 
|
|
 
(
(
f
f
_
t
e
r
m
 
-
 
f
b
_
t
e
r
m
)
 
>
 
1
.
0
)
)
 
i
_
i
n
t
 
=
 
0
;
 
/
/
 
c
h
e
c
k
 
i
f
 
t
h
i
s
 
w
o
r
k
s
!
 
 i
f
(
!
k
t
o
g
g
l
e
_
b
i
t
2
)
 
i
_
i
n
t
 
=
 
0
;
 
i
f
(
!
i
s
_
m
o
d
u
l
a
t
i
n
g
)
 
i
_
i
n
t
 
=
 
0
;
 
 
 
f
b
_
t
e
r
m
 
=
 
i
_
p
r
o
p
 
+
 
i
_
i
n
t
;
 
 f
f
_
t
e
r
m
 
=
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
v
_
a
c
*
(
A
D
C
_
V
A
C
1
_
S
C
/
A
D
C
_
V
D
C
1
_
S
C
)
/
(
d
o
u
b
l
e
)
v
_
d
c
_
r
e
f
)
;
 
/
/
 
v
_
d
c
 
=
 
1
4
2
4
.
0
 
f
o
r
 
3
8
0
V
 
 v
s
i
_
m
o
d
_
d
e
p
t
h
 
=
 
(
i
n
t
3
2
)
(
(
d
o
u
b
l
e
)
p
e
r
i
o
d
*
(
(
d
o
u
b
l
e
)
f
f
_
t
e
r
m
 
-
 
(
d
o
u
b
l
e
)
f
b
_
t
e
r
m
)
)
;
 
/
/
 
p
e
r
i
o
d
 
i
n
s
t
e
a
d
 
o
f
 
p
e
r
i
o
d
_
2
 
a
l
r
e
a
d
y
 
a
c
c
o
u
n
t
s
 
f
o
r
 
t
h
e
 
x
2
 
 i
f
(
(
s
i
n
_
v
a
l
 
<
 
4
0
0
)
&
&
(
s
i
n
_
v
a
l
 
>
 
-
4
0
0
)
&
&
(
s
i
n
_
v
a
l
 
>
 
s
i
n
_
v
a
l
_
o
l
d
)
)
 
/
/
 
d
e
t
e
c
t
s
 
o
n
l
y
 
t
h
e
 
r
i
s
i
n
g
 
e
d
g
e
  
{
 
 
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
1
;
 
}
 
e
l
s
e
 
{
 
 
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
0
;
 
 
 
 
}
  
s
i
n
_
v
a
l
_
o
l
d
 
=
 
s
i
n
_
v
a
l
;
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
M
o
d
u
l
a
t
o
r
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
4
 
  
t
_
E
V
A
_
A
 
=
 
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
t
_
E
V
A
_
B
 
=
 
-
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
 
 
 
 
t
_
E
V
B
_
A
 
=
 
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
 
t
_
E
V
B
_
B
 
=
 
-
v
s
i
_
m
o
d
_
d
e
p
t
h
 
-
 
p
e
r
i
o
d
_
2
;
 
  
/
/
 
P
h
a
s
e
 
A
 
(
E
V
A
)
 
 
 
E
V
A
_
A
s
a
t
_
p
r
e
v
 
=
 
E
V
A
_
A
s
a
t
;
  
 
 
 
 
 
i
f
 
(
t
_
E
V
A
_
A
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
A
_
A
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
1
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
A
_
A
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
A
_
A
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
A
_
A
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
E
V
A
_
A
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
1
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
A
_
A
;
 
 
 
 
}
 
  
/
/
 
P
h
a
s
e
 
B
 
(
E
V
A
)
 
 
E
V
A
_
B
s
a
t
_
p
r
e
v
 
=
 
E
V
A
_
B
s
a
t
;
  
 
 
 
 
i
f
 
(
t
_
E
V
A
_
B
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
A
_
B
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
2
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
A
_
B
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
A
_
B
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
A
_
B
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
 
 
 
 
 
E
V
A
_
B
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
2
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
A
_
B
;
 
 
 
 
}
  
  
/
/
 
P
h
a
s
e
 
A
 
(
E
V
B
)
 
 
 
E
V
B
_
A
s
a
t
_
p
r
e
v
 
=
 
E
V
B
_
A
s
a
t
;
  
 
 
 
 
 
i
f
 
(
t
_
E
V
B
_
A
 
>
=
 
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
E
V
B
_
A
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
4
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
B
_
A
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
B
_
A
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
B
_
A
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
E
V
B
_
A
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
B
_
A
;
 
 
 
 
}
 
  
/
/
 
P
h
a
s
e
 
B
 
(
E
V
B
)
 
 
E
V
B
_
B
s
a
t
_
p
r
e
v
 
=
 
E
V
B
_
B
s
a
t
;
  
 
 
 
 
i
f
 
(
t
_
E
V
B
_
B
 
>
=
 
m
a
x
_
t
i
m
e
)
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
5
 
 
{
 
 
 
E
V
B
_
B
s
a
t
 
=
 
P
O
S
_
S
A
T
;
 
 
 
C
M
P
R
5
 
=
 
0
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
t
_
E
V
B
_
B
 
<
=
 
-
m
a
x
_
t
i
m
e
)
 
 
{
 
 
 
i
f
(
(
E
V
B
_
B
s
a
t
=
=
N
E
G
_
S
A
T
)
|
|
(
t
i
m
e
r
1
_
d
i
r
=
=
0
)
)
 
 
 
{
 
 
 
 
E
V
B
_
B
s
a
t
 
=
 
N
E
G
_
S
A
T
;
 
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
 
-
 
1
;
 
 
}
 
 
e
l
s
e
 
 
{
 
 
 
 
 
 
 
 
E
V
B
_
B
s
a
t
 
=
 
N
O
T
_
S
A
T
;
 
 
 
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
2
 
-
 
t
_
E
V
B
_
B
;
 
 
 
 
}
 
  
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
1
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
4
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
 
-
 
C
M
P
R
5
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
G
r
a
b
 
C
o
d
e
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
 
/
*
 
G
r
a
b
 
C
o
d
e
 
*
/
 
 
i
f
 
(
G
r
a
b
R
u
n
n
i
n
g
(
)
)
 
 
{
 G
r
a
b
S
t
o
r
e
(
0
,
(
i
n
t
1
6
)
(
T
o
g
g
l
e
B
i
t
3
)
)
;
 
 
 
G
r
a
b
S
t
o
r
e
(
1
,
(
i
n
t
1
6
)
(
v
_
a
c
)
)
;
 
 
 
 
G
r
a
b
S
t
o
r
e
(
2
,
(
i
n
t
1
6
)
i
_
i
n
)
;
  
 
 
 
G
r
a
b
S
t
o
r
e
(
3
,
(
i
n
t
1
6
)
(
f
f
_
t
e
r
m
*
1
0
0
0
.
0
)
)
;
 
 
 
 
G
r
a
b
S
t
o
r
e
(
4
,
(
i
n
t
1
6
)
(
v
s
i
_
m
o
d
_
d
e
p
t
h
)
)
;
 
 
 
G
r
a
b
S
t
e
p
(
)
;
 
 
}
  
 
 
 
/
*
 
P
r
e
p
a
r
e
 
f
o
r
 
n
e
x
t
 
i
n
t
e
r
r
u
p
t
 
*
/
 
 
/
/
 
D
o
e
s
n
'
t
 
m
a
t
t
e
r
 
w
h
o
 
t
r
i
g
g
e
r
e
d
 
i
t
 
(
T
i
m
e
r
 
1
 
u
n
d
e
r
f
l
o
w
 
o
r
 
T
i
m
e
r
 
1
 
p
e
r
i
o
d
)
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
U
F
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
P
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
U
F
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
P
I
N
T
 
=
 
1
;
 /
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
2
;
 
 
 
/
/
 
A
c
k
n
o
w
l
e
d
g
e
 
i
n
t
e
r
r
u
p
t
 
t
o
 
P
I
E
  
 
 
 
 }
 
/
*
 
e
n
d
 
i
s
r
_
p
w
m
 
*
/
 
 /
*
 
H
a
n
d
l
e
s
 
t
h
e
 
P
D
P
I
N
T
 
i
n
t
e
r
r
u
p
t
 
(
n
o
t
 
v
e
r
y
 
w
e
l
l
)
 
(
S
.
P
a
r
k
e
r
)
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
v
s
i
_
p
d
p
i
n
t
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
 
{
 
 
/
/
 
S
t
o
p
 
e
v
e
r
y
t
h
i
n
g
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
 
 
T
o
g
g
l
e
B
i
t
1
 
=
 
!
T
o
g
g
l
e
B
i
t
1
;
 
 
 
 
i
f
(
T
o
g
g
l
e
B
i
t
1
 
=
=
 
1
)
 
 
 
W
r
i
t
e
D
i
g
o
u
t
L
a
t
c
h
(
B
I
T
5
,
 
S
E
T
)
;
 
/
/
 
S
e
t
 
G
I
I
B
_
X
4
_
P
1
4
 
(
D
I
G
O
U
T
5
)
 
 
e
l
s
e
  
 
 
W
r
i
t
e
D
i
g
o
u
t
L
a
t
c
h
(
B
I
T
5
,
 
C
L
E
A
R
)
;
 
/
/
 
C
l
e
a
r
 
G
I
I
B
_
X
4
_
P
1
4
 
(
D
I
G
O
U
T
5
)
 
 
 
 
/
/
 
C
l
e
a
n
 
u
p
 
i
n
t
e
r
r
u
p
t
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
P
D
P
I
N
T
A
 
=
 
1
;
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
}
 
/
*
 
e
n
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
V
S
I
 
S
t
a
t
e
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
s
t
a
t
e
 
*
/
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
6
 
/
/
 
A
D
C
 
+
 
P
W
M
 
r
e
g
i
s
t
e
r
s
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
p
w
m
_
i
n
i
t
(
)
;
 
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
V
S
I
 
 
a
d
c
_
i
n
i
t
(
)
;
 
  
/
/
p
u
t
c
h
a
r
_
C
O
M
1
(
'
I
'
)
;
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
  
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
i
t
 
*
/
 
 /
*
 
C
h
a
r
g
e
 
D
C
 
b
u
s
 
s
t
a
t
e
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
1
;
 
/
/
 
3
0
0
0
 
m
s
e
c
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
f
a
u
l
t
s
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
=
 
0
)
 
 
{
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
 
*
/
 
 /
*
 
S
t
o
p
p
e
d
 
s
t
a
t
e
 
*
/
 
/
/
 
T
u
r
n
 
o
f
f
 
E
V
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
C
L
E
A
R
A
L
L
_
G
I
I
B
_
X
3
0
(
)
;
 
 
}
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
s
t
a
r
t
_
t
r
i
g
g
e
r
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
;
 
 
}
 
 
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
s
t
o
p
 
*
/
 
 /
*
 
V
S
I
 
i
s
 
r
u
n
n
i
n
g
 
*
/
 
/
/
 
L
o
o
k
s
 
a
f
t
e
r
 
b
a
c
k
g
r
o
u
n
d
 
t
a
s
k
s
/
r
e
f
e
r
e
n
c
e
s
 
v
o
i
d
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
1
;
 
 
 
p
w
m
_
s
t
a
r
t
(
)
;
 
/
/
 
S
e
t
 
c
o
m
m
a
n
d
s
 
 
 
E
n
a
b
l
e
E
V
I
N
T
(
)
;
 
 
}
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
s
t
o
p
 
s
i
g
n
a
l
 
 
i
f
 
(
!
s
t
a
r
t
_
t
r
i
g
g
e
r
)
 
 
{
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
7
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 }
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
r
u
n
 
*
/
 
 v
o
i
d
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
/
/
 
t
u
r
n
 
o
f
f
 
o
u
t
p
u
t
s
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
+
+
;
 
 
}
  
 
 
 
i
f
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
S
W
_
O
C
_
V
S
I
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
o
f
t
w
a
r
e
 
o
v
e
r
c
u
r
r
e
n
t
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
e
l
s
e
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
P
D
P
I
N
T
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
  
 
 
  
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
N
o
 
f
a
u
l
t
 
r
e
c
o
v
e
r
y
 
i
m
p
l
e
m
e
n
t
e
d
.
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
/
/
 
C
l
e
a
r
 
a
n
y
t
h
i
n
g
 
o
n
 
b
u
f
f
e
r
 
 
w
h
i
l
e
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 g
e
t
c
_
C
O
M
1
(
)
;
  
 
w
h
i
l
e
(
!
k
b
h
i
t
_
C
O
M
1
(
)
)
;
 
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
f
a
u
l
t
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
P
W
M
 
I
n
i
t
i
a
l
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
F
A
L
S
E
;
 
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
  
 
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
i
n
p
u
t
 
c
u
r
r
e
n
t
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
i
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
I
*
A
D
C
_
I
A
C
1
_
S
C
)
;
 
 
K
i
_
i
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
I
*
A
D
C
_
I
A
C
1
_
S
C
)
/
(
T
R
_
I
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
  
/
/
 
g
a
i
n
s
 
c
a
l
c
u
l
a
t
i
o
n
 
f
o
r
 
t
h
e
 
b
u
s
 
v
o
l
t
a
g
e
 
c
o
n
t
r
o
l
l
e
r
 
 
K
p
_
v
 
=
 
(
d
o
u
b
l
e
)
(
K
P
_
V
*
A
D
C
_
V
D
C
1
_
S
C
/
A
D
C
_
I
A
C
1
_
S
C
)
;
 
 
K
i
_
v
 
=
 
(
d
o
u
b
l
e
)
(
(
K
P
_
V
*
A
D
C
_
V
D
C
1
_
S
C
/
A
D
C
_
I
A
C
1
_
S
C
)
/
(
T
R
_
V
*
S
W
_
F
R
E
Q
_
V
S
I
*
2
.
0
)
)
;
 
 
 
 
 
 
 
 
/
/
 
-
>
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
1
-
P
W
M
6
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
D
i
s
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
-
 
W
h
a
t
 
a
b
o
u
t
 
I
M
R
B
 
a
n
d
 
I
M
R
C
?
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
7
-
P
W
M
1
2
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
  
 
 
 
 
 
 
/
/
 
<
-
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
 
A
p
p
en
d
ix
 E
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
3
 
3
2
8
 
 
/
/
 
-
>
 
S
e
t
 
u
p
 
P
W
M
 
o
u
t
p
u
t
s
 
 
 
 
 
 
 
/
*
 
B
e
w
a
r
e
 
t
h
a
t
 
w
h
e
n
 
s
e
t
t
i
n
g
 
a
 
G
P
I
O
 
t
o
 
P
W
M
 
i
t
 
w
i
l
l
 
s
e
t
 
h
i
g
h
.
 
 
 
 
 
S
e
t
t
i
n
g
 
a
l
l
 
6
 
p
i
n
s
 
a
t
 
t
h
e
 
s
a
m
e
 
t
i
m
e
 
c
a
u
s
e
s
 
t
h
r
e
e
 
p
h
a
s
e
 
s
h
o
o
t
 
 
 
 
 
t
h
r
o
u
g
h
.
 
P
i
n
s
 
b
e
c
o
m
e
 
t
h
e
i
r
 
c
o
r
r
e
c
t
 
s
t
a
t
e
 
w
h
e
n
 
t
h
e
 
P
W
M
 
i
n
t
e
r
r
u
p
t
 
 
 
 
 
s
t
a
r
t
s
 
(
e
n
a
b
l
e
)
.
 
O
n
c
e
 
f
u
n
c
t
i
o
n
a
l
 
t
h
e
 
A
C
T
R
 
c
a
n
 
d
i
s
a
b
l
e
 
t
h
e
m
 
f
i
n
e
.
 
*
/
  
 
 
 
 
 
 
 
 
 
 
E
A
L
L
O
W
;
 
/
/
 
E
n
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
1
_
G
P
I
O
A
0
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
1
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
2
_
G
P
I
O
A
1
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
2
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
3
_
G
P
I
O
A
2
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
3
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
4
_
G
P
I
O
A
3
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
4
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
5
_
G
P
I
O
A
4
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
5
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
6
_
G
P
I
O
A
5
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
6
 
p
i
n
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
  
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
7
_
G
P
I
O
B
0
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
7
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
8
_
G
P
I
O
B
1
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
8
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
9
_
G
P
I
O
B
2
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
9
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
0
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s
p
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d
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v
a
R
e
g
s
.
T
2
C
O
N
.
b
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t
.
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O
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T
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;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
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T
M
O
D
E
 
=
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;
  
/
/
 
c
o
n
t
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n
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o
u
s
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p
/
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o
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n
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t
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E
v
a
R
e
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T
2
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N
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E
C
M
P
R
 
=
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;
  
/
/
 
d
i
s
a
b
l
e
 
t
i
m
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r
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o
m
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r
e
 
 
A
p
p
en
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D
S
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o
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C
o
d
e:
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x
p
er
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l 
S
y
st
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3
 
3
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0
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
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O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
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l
e
r
 
 
 
 
 
/
/
E
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a
R
e
g
s
.
T
2
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O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
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l
e
r
 
(
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r
 
t
e
s
t
i
n
g
 
p
u
r
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o
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s
)
 
 
 
 
 
E
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R
e
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.
T
2
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O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
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r
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o
m
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e
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n
 
p
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r
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0
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R
e
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T
2
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O
N
.
b
i
t
.
T
2
S
W
T
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=
 
1
;
 
 /
/
 
S
t
a
r
t
 
T
2
 
w
i
t
h
 
T
1
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
P
R
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
M
P
R
 
=
 
P
E
R
I
O
D
_
2
;
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
T
i
m
e
r
3
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r
 
s
a
m
p
l
i
n
g
/
s
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i
t
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h
i
n
g
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n
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V
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E
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R
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.
T
3
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O
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.
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=
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;
 
 
 
 
 
E
v
b
R
e
g
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.
T
3
C
O
N
.
b
i
t
.
F
R
E
E
 
=
 
0
;
 
 
 
/
/
 
t
i
m
e
r
 
s
t
o
p
s
 
e
m
u
 
s
u
s
p
e
n
d
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
S
O
F
T
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
1
;
  
/
/
 
c
o
n
t
i
n
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o
u
s
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p
/
d
o
w
n
 
c
o
u
n
t
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o
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E
v
b
R
e
g
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.
T
3
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
c
o
m
p
a
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e
 
 
 
 
 
E
v
b
R
e
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s
.
T
3
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
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r
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s
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l
e
r
 
 
 
 
 
/
/
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
p
e
r
i
o
d
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E
v
b
R
e
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T
3
P
R
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P
E
R
I
O
D
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
 
 
/
/
 
P
E
R
I
O
D
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1
8
0
d
e
g
 
p
h
a
s
e
-
s
h
i
f
t
e
d
 
f
r
o
m
 
T
i
m
e
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1
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T
i
m
e
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E
v
b
R
e
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s
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T
3
C
M
P
R
 
=
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E
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D
_
2
;
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/
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-
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t
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/
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t
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P
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/
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P
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E
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a
R
e
g
s
.
C
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P
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E
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P
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b
R
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g
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C
M
P
R
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P
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;
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n
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t
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P
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l
a
t
i
n
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i
d
)
 
{
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N
T
;
 
/
/
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i
s
a
b
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e
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l
l
 
m
a
s
k
a
b
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e
 
i
n
t
e
r
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p
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/
/
 
S
e
t
 
p
r
e
c
a
l
c
u
l
a
t
e
d
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n
s
t
a
n
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s
 
 
m
a
x
_
t
i
m
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=
 
M
A
X
_
T
I
M
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;
 
 
m
a
x
_
t
i
m
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2
 
=
 
2
*
M
A
X
_
T
I
M
E
;
 
 
p
e
r
i
o
d
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=
 
P
E
R
I
O
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_
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;
 
 
p
e
r
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d
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p
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r
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;
 
 
 
 
/
/
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p
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E
v
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R
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.
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E
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B
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E
 
=
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;
 
 
 
E
v
b
R
e
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i
t
.
T
E
N
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E
 
=
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;
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/
 
R
e
s
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t
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m
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e
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V
A
 
 
E
v
a
R
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M
P
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p
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r
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;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
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p
e
r
i
o
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_
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;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
3
 
=
 
p
e
r
i
o
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_
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;
 
 
 
 
/
/
 
R
e
s
e
t
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o
m
p
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e
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a
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n
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V
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E
v
b
R
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C
M
P
R
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p
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r
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;
 
 
E
v
b
R
e
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.
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M
P
R
5
 
=
 
p
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r
i
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_
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;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
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=
 
p
e
r
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_
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;
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E
v
a
R
e
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T
1
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T
 
=
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;
 
 
E
v
a
R
e
g
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.
T
2
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N
T
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
;
 
/
/
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E
R
I
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8
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e
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t
e
d
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E
I
N
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;
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n
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b
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l
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s
k
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e
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t
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p
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s
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p
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D
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C
o
d
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x
p
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im
en
ta
l 
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/
/
 
R
e
/
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t
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i
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E
v
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R
e
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.
T
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t
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T
E
N
A
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L
E
 
=
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;
 
/
/
 
E
n
a
b
l
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s
 
T
i
m
e
r
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m
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r
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i
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t
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E
v
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R
e
g
s
.
T
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O
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t
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T
E
N
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E
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;
 
/
/
 
E
n
a
b
l
e
s
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i
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r
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/
 
R
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s
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t
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r
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=
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=
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=
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=
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p
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p
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n
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p
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N
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s
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p
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d
c
R
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A
D
C
M
A
X
C
O
N
V
.
a
l
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=
 
0
x
0
0
0
7
;
  
/
/
 
S
e
t
u
p
 
8
 
c
o
n
v
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E
Q
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S
E
Q
2
 
 
A
d
c
R
e
g
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A
D
C
C
H
S
E
L
S
E
Q
1
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b
i
t
.
C
O
N
V
0
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=
 
0
x
0
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
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1
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o
n
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.
 
 
A
d
c
R
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A
D
C
C
H
S
E
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E
Q
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.
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O
N
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;
 
/
/
 
S
e
t
u
p
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D
C
I
N
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/
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2
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d
 
c
o
n
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.
 
 
A
d
c
R
e
g
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A
D
C
C
H
S
E
L
S
E
Q
1
.
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.
C
O
N
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2
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0
x
2
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
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a
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3
r
d
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
1
.
b
i
t
.
C
O
N
V
0
3
 
=
 
0
x
3
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
3
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4
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
s
.
A
D
C
C
H
S
E
L
S
E
Q
2
.
b
i
t
.
C
O
N
V
0
4
 
=
 
0
x
4
;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
/
B
4
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s
 
5
t
h
 
c
o
n
v
.
 
 
A
d
c
R
e
g
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.
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D
C
C
H
S
E
L
S
E
Q
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.
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t
.
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O
N
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=
 
0
x
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;
 
/
/
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e
t
u
p
 
A
D
C
I
N
A
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B
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6
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n
v
.
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d
c
R
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D
C
C
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.
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.
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O
N
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=
 
0
x
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;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
A
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n
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.
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d
c
R
e
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.
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D
C
C
H
S
E
L
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E
Q
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.
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t
.
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O
N
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=
 
0
x
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;
 
/
/
 
S
e
t
u
p
 
A
D
C
I
N
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8
t
h
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n
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c
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C
T
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A
C
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/
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n
g
t
h
e
n
 
a
c
q
 
w
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n
d
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i
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A
d
c
R
e
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D
C
T
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E
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C
A
S
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/
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a
s
c
a
d
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e
q
u
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n
c
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r
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o
d
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A
d
c
R
e
g
s
.
A
D
C
T
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.
E
V
A
_
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C
_
S
E
Q
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;
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/
 
E
V
 
m
a
n
a
g
e
r
 
s
t
a
r
t
 
 
A
d
c
R
e
g
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.
A
D
C
T
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L
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.
b
i
t
.
I
N
T
_
E
N
A
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E
Q
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;
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/
 
e
n
a
b
l
e
 
i
n
t
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r
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p
t
 
 
A
d
c
R
e
g
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D
C
T
R
L
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b
i
t
.
I
N
T
_
M
O
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S
E
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;
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/
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n
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a
t
 
e
n
d
 
o
f
 
e
v
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E
Q
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A
d
c
R
e
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D
C
T
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L
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b
i
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S
M
O
D
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E
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;
  
/
/
 
s
i
m
u
l
t
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n
e
o
u
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s
a
m
p
l
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n
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o
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A
d
c
R
e
g
s
.
A
D
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.
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D
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L
K
P
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;
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D
C
L
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/
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i
n
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D
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M
U
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i
n
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;
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;
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/
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P
O
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e
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P
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Appendix F 
DSP Source Code: 
Experimental System #4 
 This appendix provides the TMS320F2810 DSP C source code used in 
experimental system #4. 
F.1. Background Routines – Header File 
// main.h (Background H-File for System #4) 
 
/* ========================================================== */ 
/* Definitions */ 
/* ========================================================== */ 
 
#define SYSCLK_OUT  (150e6)  ///< System Clock Frequency 
#define HSPCLK   (SYSCLK_OUT) ///< HSP Clock Frequency 
#define LSPCLK    (SYSCLK_OUT/4) ///< LSP Clock Frequency 
 
/* boot ROM sine table definitions */ 
#define TABLE_SIZE  512 
#define MAX_SINE_TABLE  16384 
 
#define __PI 3.1415926535897932384626433832795 
 
#define SW_FREQ_VSI 4000 // switching freq in Hz 
#define F_FREQ 50.0 // fundamental freq in Hz 
#define SAMPLING_PERIOD_IO 1.0/(4.0*(double)SW_FREQ_VSI) // sampling period of output 
current controller in sec 
#define OMEGA0_IO 2.0*__PI*(double)F_FREQ // omega_0  
#define OMEGA0_SQD_SAMPLING_PERIOD_IO OMEGA0_IO*OMEGA0_IO*SAMPLING_PERIOD_IO // 
(omega_0)^2*sampling_period 
 
/* ========================================================== */ 
/* State Machine Definitions */ 
/* ========================================================== */ 
 
/// State function type 
typedef void (* funcPtr)(void); 
 
/// Simple state machine type 
typedef struct 
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a
c
1
_
m
i
n
i
(
v
o
i
d
)
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
M
a
i
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
m
a
i
n
(
v
o
i
d
)
 
{
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
/
/
 
I
n
i
t
i
a
l
i
s
e
 
D
S
P
 
f
o
r
 
P
C
B
 
 
l
i
b
_
m
i
n
i
2
8
1
0
_
i
n
i
t
(
1
5
0
,
3
0
0
0
0
,
1
5
0
0
0
0
,
L
I
B
_
E
V
A
E
N
C
L
K
|
L
I
B
_
E
V
B
E
N
C
L
K
|
L
I
B
_
A
D
C
E
N
C
L
K
|
 
  
L
I
B
_
S
P
I
E
N
C
L
K
|
L
I
B
_
S
C
I
A
E
N
C
L
K
|
L
I
B
_
S
C
I
B
E
N
C
L
K
|
L
I
B
_
M
C
B
S
P
E
N
C
L
K
|
L
I
B
_
E
C
A
N
E
N
C
L
K
)
;
 
 
 
 
/
/
 
A
d
j
u
s
t
 
t
h
e
 
s
p
e
e
d
 
o
f
 
t
h
e
 
C
L
K
O
U
T
 
s
i
g
n
a
l
 
 
E
A
L
L
O
W
;
 
 
X
i
n
t
f
R
e
g
s
.
X
I
N
T
C
N
F
2
.
b
i
t
.
X
T
I
M
C
L
K
 
=
 
0
;
 
 
X
i
n
t
f
R
e
g
s
.
X
I
N
T
C
N
F
2
.
b
i
t
.
C
L
K
M
O
D
E
 
=
 
0
;
 
 
E
D
I
S
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
P
I
E
 
c
o
n
t
r
o
l
 
r
e
g
i
s
t
e
r
s
 
t
o
 
t
h
e
i
r
 
d
e
f
a
u
l
t
 
s
t
a
t
e
.
 
 
I
n
i
t
P
i
e
C
t
r
l
(
)
;
 
/
/
 
D
i
s
a
b
l
e
 
C
P
U
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
c
l
e
a
r
 
a
l
l
 
C
P
U
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
s
:
 
 
I
E
R
 
=
 
0
x
0
0
0
0
;
 
 
I
F
R
 
=
 
0
x
0
0
0
0
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
P
I
E
 
v
e
c
t
o
r
 
t
a
b
l
e
 
w
i
t
h
 
p
o
i
n
t
e
r
s
 
t
o
 
t
h
e
 
s
h
e
l
l
 
I
n
t
e
r
r
u
p
t
 
/
/
 
S
e
r
v
i
c
e
 
R
o
u
t
i
n
e
s
 
(
I
S
R
)
.
 
/
/
 
T
h
i
s
 
w
i
l
l
 
p
o
p
u
l
a
t
e
 
t
h
e
 
e
n
t
i
r
e
 
t
a
b
l
e
,
 
e
v
e
n
 
i
f
 
t
h
e
 
i
n
t
e
r
r
u
p
t
 
/
/
 
i
s
 
n
o
t
 
u
s
e
d
 
i
n
 
t
h
i
s
 
e
x
a
m
p
l
e
.
 
 
T
h
i
s
 
i
s
 
u
s
e
f
u
l
 
f
o
r
 
d
e
b
u
g
 
p
u
r
p
o
s
e
s
.
 
/
/
 
T
h
e
 
s
h
e
l
l
 
I
S
R
 
r
o
u
t
i
n
e
s
 
a
r
e
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
D
e
f
a
u
l
t
I
s
r
.
c
.
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
i
s
 
f
o
u
n
d
 
i
n
 
D
S
P
2
8
1
x
_
P
i
e
V
e
c
t
.
c
.
 
 
I
n
i
t
P
i
e
V
e
c
t
T
a
b
l
e
(
)
;
 
 #
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
3
9
 
/
/
 
C
o
p
y
 
t
i
m
e
 
c
r
i
t
i
c
a
l
 
c
o
d
e
 
a
n
d
 
F
l
a
s
h
 
s
e
t
u
p
 
c
o
d
e
 
t
o
 
R
A
M
 
/
/
 
T
h
e
 
 
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
a
n
d
 
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
 
/
/
 
s
y
m
b
o
l
s
 
a
r
e
 
c
r
e
a
t
e
d
 
b
y
 
t
h
e
 
l
i
n
k
e
r
.
 
R
e
f
e
r
 
t
o
 
t
h
e
 
F
2
8
1
0
.
c
m
d
 
f
i
l
e
.
 
 
M
e
m
C
o
p
y
(
&
R
a
m
f
u
n
c
s
L
o
a
d
S
t
a
r
t
,
 
&
R
a
m
f
u
n
c
s
L
o
a
d
E
n
d
,
 
&
R
a
m
f
u
n
c
s
R
u
n
S
t
a
r
t
)
;
 
 /
/
 
C
a
l
l
 
F
l
a
s
h
 
I
n
i
t
i
a
l
i
z
a
t
i
o
n
 
t
o
 
s
e
t
u
p
 
f
l
a
s
h
 
w
a
i
t
s
t
a
t
e
s
 
/
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
m
u
s
t
 
r
e
s
i
d
e
 
i
n
 
R
A
M
 
 
I
n
i
t
F
l
a
s
h
(
)
;
 
#
e
n
d
i
f
 
  
I
n
i
t
A
d
c
(
)
;
 
 
I
n
i
t
C
p
u
T
i
m
e
r
s
(
)
;
 
  
b
i
o
s
_
i
n
i
t
_
C
O
M
1
(
9
6
0
0
L
)
;
 
 /
/
 
C
o
n
f
i
g
u
r
e
 
C
P
U
-
T
i
m
e
r
 
0
 
t
o
 
i
n
t
e
r
r
u
p
t
 
e
v
e
r
y
 
m
i
l
l
i
s
e
c
o
n
d
:
 
/
/
 
1
5
0
M
H
z
 
C
P
U
 
F
r
e
q
,
 
0
.
0
0
1
 
s
e
c
o
n
d
 
P
e
r
i
o
d
 
(
i
n
 
u
S
e
c
o
n
d
s
)
 
 
C
o
n
f
i
g
C
p
u
T
i
m
e
r
(
&
C
p
u
T
i
m
e
r
0
,
 
1
5
0
.
0
/
*
M
H
z
*
/
,
 
1
0
0
0
.
0
/
*
u
s
*
/
)
;
 
 
S
t
a
r
t
C
p
u
T
i
m
e
r
0
(
)
;
 
 /
/
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
t
o
 
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
r
o
u
t
i
n
e
.
 
 
E
A
L
L
O
W
;
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
T
I
N
T
0
 
=
 
&
i
s
r
_
c
p
u
_
t
i
m
e
r
0
;
 
 
E
D
I
S
;
 
 /
/
 
E
n
a
b
l
e
 
T
I
N
T
0
 
i
n
 
t
h
e
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
7
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
7
 
=
 
1
;
 
 
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
 
E
n
a
b
l
e
I
n
t
e
r
r
u
p
t
s
(
)
;
 
 
 
 
/
/
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
c
h
i
p
 
s
e
l
e
c
t
s
 
o
n
 
t
h
e
 
b
o
a
r
d
 
a
n
d
 
i
n
i
t
i
a
l
i
s
e
 
t
h
e
 
s
p
i
 
 
D
I
S
A
B
L
E
_
C
P
L
D
(
)
;
  
 
 
 
 
 
/
/
 
D
i
s
a
b
l
e
 
t
h
e
 
C
P
L
D
 
i
n
t
e
r
f
a
c
e
 
 
S
E
T
_
S
P
I
_
M
A
S
T
E
R
(
)
;
  
 
 
 
 
/
/
 
S
e
t
 
t
h
e
 
s
y
s
t
e
m
 
t
o
 
M
a
s
t
e
r
 
m
o
d
e
 
 
C
L
E
A
R
_
O
C
_
S
P
I
_
E
N
(
)
;
  
 
 
 
 
/
/
 
T
u
r
n
 
o
f
f
 
e
x
t
e
r
n
a
l
 
S
P
I
 
a
c
c
e
s
s
 
 
D
I
S
A
B
L
E
_
D
A
C
1
(
)
;
 
 
D
I
S
A
B
L
E
_
D
A
C
2
(
)
;
 
  
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
  
/
/
 
D
e
l
a
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
f
l
a
s
h
 
i
n
t
e
r
n
a
l
 
p
o
w
e
r
 
u
p
 
r
e
s
e
t
 
t
o
 
c
l
e
a
r
 
 
/
/
 
I
f
 
o
t
h
e
r
 
i
n
i
t
i
a
l
i
s
a
t
i
o
n
 
t
a
k
e
s
 
m
o
r
e
 
t
h
a
n
 
2
0
0
m
s
 
o
r
 
t
h
e
 
f
l
a
s
h
 
i
s
 
n
o
t
 
u
s
e
d
 
 
/
/
 
f
o
r
 
t
h
e
 
f
i
r
s
t
 
2
0
0
m
s
 
t
h
e
n
 
t
h
e
 
d
e
l
a
y
 
i
s
 
u
n
n
e
c
e
s
s
a
r
y
 
 
{
 
 
 
U
i
n
t
1
6
 
i
 
=
 
3
;
 
  
 
w
h
i
l
e
 
(
i
>
0
)
 
 
 
{
 
 
 
 
w
h
i
l
e
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
=
 
0
)
;
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
i
-
-
;
 
 
 
}
 
 
}
 
 
/
/
 
 
i
n
i
t
i
a
l
i
s
e
 
f
l
a
s
h
 
R
A
M
 
 
s
f
_
i
n
i
t
(
)
;
 
 
s
f
_
s
e
t
_
p
r
o
t
e
c
t
(
S
F
_
U
N
P
R
O
T
E
C
T
)
;
 
 
i
n
i
t
_
c
p
l
d
(
)
;
 
 
g
i
i
b
_
i
n
i
t
(
)
;
 
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
)
;
 
 
G
r
a
b
I
n
i
t
(
)
;
 
 
 
 
i
_
o
_
r
e
f
_
p
k
 
=
 
I
_
O
_
R
E
F
_
P
K
_
M
I
N
;
 
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
_
s
e
t
(
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
i
_
o
_
s
t
e
p
_
p
k
 
=
 
I
_
O
_
R
E
F
_
P
K
_
M
I
N
;
 
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
_
s
e
t
(
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
K
p
_
i
o
 
=
 
K
P
_
I
O
_
D
E
F
A
U
L
T
;
 
 
 
T
r
_
i
o
 
=
 
T
R
_
I
O
_
D
E
F
A
U
L
T
;
 
 
K
p
_
i
d
m
 
=
 
K
P
_
I
D
M
_
D
E
F
A
U
L
T
;
 
 
T
r
_
i
d
m
 
=
 
T
R
_
I
D
M
_
D
E
F
A
U
L
T
;
 
 
 
 
v
s
i
_
K
p
_
i
o
_
s
e
t
(
K
p
_
i
o
)
;
 
 
v
s
i
_
K
i
r
_
i
o
_
s
e
t
(
K
p
_
i
o
,
 
T
r
_
i
o
)
;
 
 
v
s
i
_
K
p
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
)
;
 
 
v
s
i
_
K
i
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
,
 
T
r
_
i
d
m
)
;
 
 
 
 
d
e
b
u
g
_
v
a
r
0
1
 
=
 
(
d
o
u
b
l
e
)
K
p
_
i
o
;
 
 
d
e
b
u
g
_
v
a
r
0
2
 
=
 
(
d
o
u
b
l
e
)
T
r
_
i
o
;
 
 
d
e
b
u
g
_
v
a
r
0
3
 
=
 
(
d
o
u
b
l
e
)
K
p
_
i
d
m
;
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
0
 
 
d
e
b
u
g
_
v
a
r
0
4
 
=
 
(
d
o
u
b
l
e
)
T
r
_
i
d
m
;
 
  
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
M
a
i
n
 
L
o
o
p
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
\
n
\
n
S
i
n
g
l
e
-
C
e
l
l
 
R
e
d
u
c
e
d
 
F
l
y
i
n
g
-
C
a
p
a
c
i
t
o
r
 
C
o
n
v
e
r
t
e
r
 
P
h
a
s
e
 
L
e
g
 
V
5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
\
n
"
)
;
 
 
f
o
r
(
;
;
)
 
 
{
 
 
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
!
=
 
0
)
 
/
/
 
m
i
l
l
i
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
m
s
e
c
 
=
 
0
;
 
 
 
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
)
;
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
!
=
 
0
)
 
/
/
 
t
e
n
t
h
 
o
f
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
0
_
1
 
=
 
0
;
 
 
 
 
c
o
m
_
k
e
y
b
o
a
r
d
(
)
;
 
/
/
 
p
r
o
c
e
s
s
 
k
e
y
p
r
e
s
s
e
s
  
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
0
)
;
 
/
/
 
c
o
n
t
i
n
u
e
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
}
 
 
 
e
l
s
e
 
i
f
 
(
t
i
m
e
.
f
l
a
g
.
s
e
c
 
!
=
 
0
)
 
/
/
 
o
n
e
 
s
e
c
o
n
d
 
e
v
e
n
t
s
 
 
 
{
 
 
 
 
t
i
m
e
.
f
l
a
g
.
s
e
c
 
=
 
0
;
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
1
)
;
 
/
/
 
t
r
i
g
g
e
r
 
n
e
w
 
o
n
e
 
s
e
c
o
n
d
 
d
i
s
p
l
a
y
 
 
 
 
 
 
 
}
 
 
 
e
l
s
e
 
/
/
 
l
o
w
 
p
r
i
o
r
i
t
y
 
e
v
e
n
t
s
 
 
 
{
  
 
 
 
 
 
 
 
 
 
}
 
 
}
 
/
*
 
e
n
d
 
f
o
r
(
;
;
)
 
*
/
 
  
/
/
 
W
e
 
s
h
o
u
l
d
 
n
e
v
e
r
 
r
e
a
c
h
 
h
e
r
e
!
 
 
 
}
 
/
*
 
e
n
d
 
m
a
i
n
 
*
/
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
C
P
L
D
 
f
o
r
 
t
h
e
 
C
u
r
r
e
n
t
 
A
p
p
l
i
c
a
t
i
o
n
 
*
/
 
v
o
i
d
 
i
n
i
t
_
c
p
l
d
(
v
o
i
d
)
 
{
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
C
P
L
D
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
P
W
M
 
s
i
g
n
a
l
s
 
 
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
M
C
O
N
,
C
P
L
D
.
E
V
A
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
N
o
 
d
e
a
d
b
a
n
d
 
 
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
A
C
O
N
D
B
,
C
P
L
D
.
E
V
A
C
O
N
D
B
.
a
l
l
)
;
 
 
/
/
 
P
a
s
s
 
t
h
r
o
u
g
h
 
f
o
r
 
a
l
l
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
S
i
g
n
a
l
s
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
E
V
B
C
O
M
C
O
N
,
C
P
L
D
.
E
V
B
C
O
M
C
O
N
.
a
l
l
)
;
 
 
/
/
 
T
T
L
-
P
l
u
g
 
i
n
 
f
o
r
 
S
e
r
i
a
l
 
P
o
r
t
 
B
 
v
i
a
 
X
1
2
 
o
n
 
M
i
n
i
2
8
1
0
 
 
C
P
L
D
.
S
C
I
B
M
O
D
E
.
b
i
t
.
S
C
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
S
C
I
B
M
O
D
E
,
C
P
L
D
.
S
C
I
B
M
O
D
E
.
a
l
l
)
;
 
 
/
/
 
Q
E
P
 
t
o
 
E
v
e
n
t
 
M
a
n
a
g
e
r
 
B
 
 
C
P
L
D
.
C
A
P
Q
E
P
.
b
i
t
.
C
P
 
=
 
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
C
A
P
Q
E
P
,
C
P
L
D
.
C
A
P
Q
E
P
.
a
l
l
)
;
 
 
/
/
 
I
n
t
e
r
r
u
p
t
 
S
e
l
e
c
t
 
X
I
N
T
1
A
 
-
 
n
e
g
a
t
i
v
e
 
e
d
g
e
,
 
E
n
a
b
l
e
d
,
 
X
I
N
T
1
B
 
-
 
d
i
s
a
b
l
e
d
 
 
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
 
=
 
0
x
0
0
;
 
 
c
p
l
d
_
w
r
i
t
e
(
A
D
D
_
I
N
T
S
E
L
,
C
P
L
D
.
I
N
T
S
E
L
.
a
l
l
)
;
 
}
 
/
*
 
e
n
d
 
i
n
i
t
_
c
p
l
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
M
i
n
i
2
8
1
0
 
D
A
C
 
t
o
 
0
V
 
o
u
t
p
u
t
 
*
/
 
v
o
i
d
 
i
n
i
t
_
d
a
c
1
_
m
i
n
i
(
v
o
i
d
)
 
{
 
 
/
/
 
S
e
t
 
S
P
I
 
m
o
d
e
 
 
s
p
i
_
i
n
i
t
(
M
O
D
E
_
D
A
C
)
;
 
 
/
/
 
I
n
i
t
i
a
l
i
s
e
 
D
A
C
 
 
d
a
c
_
i
n
i
t
(
)
;
 
 
/
/
 
S
e
t
 
i
n
t
e
r
n
a
l
 
r
e
f
e
r
e
n
c
e
 
 
d
a
c
_
s
e
t
_
r
e
f
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
I
N
T
_
R
E
F
)
;
 
 
/
/
 
P
o
w
e
r
 
u
p
 
D
A
C
 
 
d
a
c
_
p
o
w
e
r
_
d
o
w
n
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
0
x
0
F
)
;
 
 
/
/
 
W
r
i
t
e
 
t
o
 
h
a
l
f
 
v
o
l
t
a
g
e
 
 
d
a
c
_
w
r
i
t
e
(
D
A
C
_
M
O
D
U
L
E
_
D
1
,
D
A
C
_
W
R
n
_
U
P
D
n
,
D
A
C
_
A
D
D
R
_
A
L
L
,
2
0
4
7
)
;
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
1
 
}
 
 #
d
e
f
i
n
e
 
H
E
L
P
_
S
T
A
R
T
  
3
1
 
#
d
e
f
i
n
e
 
H
E
L
P
_
F
I
N
I
S
H
  
(
H
E
L
P
_
S
T
A
R
T
+
1
3
)
 
 /
*
 
D
i
s
p
l
a
y
 
o
p
e
r
a
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
o
u
t
 
C
O
M
1
 
*
/
 
v
o
i
d
 
c
o
m
_
d
i
s
p
l
a
y
(
U
i
n
t
1
6
 
m
o
d
e
)
 
{
 
 
s
t
a
t
i
c
 
U
i
n
t
1
6
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
 
 
 
/
/
 
m
o
v
i
n
g
 
s
y
m
b
o
l
 
t
o
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
s
e
r
i
a
l
 
i
s
 
w
o
r
k
i
n
g
 
 
i
f
 
(
m
o
v
i
n
g
_
s
y
m
b
o
l
 
=
=
 
'
>
'
)
 
m
o
v
i
n
g
_
s
y
m
b
o
l
 
=
 
'
<
'
;
 
e
l
s
e
 
m
o
v
i
n
g
_
s
y
m
b
o
l
 
=
 
'
>
'
;
  
 
 
 
i
f
 
(
G
r
a
b
A
v
a
i
l
(
)
)
 
 
{
 
 
 
G
r
a
b
D
i
s
p
l
a
y
(
)
;
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
(
m
o
d
e
 
=
=
 
1
)
&
&
(
d
i
s
p
l
a
y
_
s
t
a
t
e
 
>
 
H
E
L
P
_
F
I
N
I
S
H
)
)
 
/
/
 
d
o
n
'
t
 
t
r
i
g
g
e
r
 
u
n
t
i
l
 
e
x
i
s
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
h
a
s
 
p
r
i
n
t
e
d
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
;
 
 
e
l
s
e
 
i
f
 
(
m
o
d
e
 
=
=
 
2
)
 /
/
 
d
i
s
p
l
a
y
 
h
e
l
p
 
p
a
r
a
m
e
t
e
r
s
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
H
E
L
P
_
S
T
A
R
T
;
 
 
e
l
s
e
  
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
+
+
;
 
 
 
 
 
 
 
 
s
w
i
t
c
h
 
(
d
i
s
p
l
a
y
_
s
t
a
t
e
)
 
 
 
{
 
 
 
 
c
a
s
e
 
0
:
 
 
 
 
 
p
u
t
c
h
a
r
_
C
O
M
1
(
m
o
v
i
n
g
_
s
y
m
b
o
l
)
;
 
 
 
 
 
p
u
t
c
h
a
r
_
C
O
M
1
(
'
 
'
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
1
:
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
t
a
t
e
=
 
"
)
;
 
 
 
 
 
d
i
s
p
l
a
y
_
v
s
i
_
s
t
a
t
e
(
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
2
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
i
_
o
_
r
e
f
_
p
k
=
 
%
0
.
2
f
"
,
 
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
3
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
\
t
i
_
o
_
s
t
e
p
_
p
k
=
 
%
0
.
2
f
"
,
 
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
4
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
\
t
K
p
_
i
o
=
 
%
0
.
4
f
"
,
 
K
p
_
i
o
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
5
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
\
t
T
r
_
i
o
=
 
%
0
.
8
f
"
,
 
T
r
_
i
o
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
6
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
\
t
K
p
_
i
d
m
=
 
%
0
.
4
f
"
,
 
K
p
_
i
d
m
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
7
:
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
\
t
T
r
_
i
d
m
=
 
%
0
.
5
f
"
,
 
T
r
_
i
d
m
)
;
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
  
 
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
a
s
e
 
8
:
 
 
 
 
 
p
u
t
c
h
a
r
_
C
O
M
1
(
'
\
r
'
)
;
 
 
 
 
 
b
r
e
a
k
;
  
  
 
 
/
/
 
P
r
i
n
t
 
H
e
l
p
 
S
c
r
e
e
n
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
:
 
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
\
n
\
t
D
o
n
'
t
 
y
o
u
 
r
e
m
e
m
b
e
r
 
t
h
e
 
k
e
y
b
o
a
r
d
 
c
o
m
m
a
n
d
s
?
 
H
e
r
e
 
t
h
e
y
 
a
r
e
:
\
n
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
1
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
e
/
d
 
-
 
E
n
a
b
l
e
/
d
i
s
a
b
l
e
 
i
n
t
e
r
r
u
p
t
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
2
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
i
I
/
m
M
 
-
 
I
n
c
/
d
e
c
 
i
_
o
_
r
e
f
_
p
k
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
3
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
p
P
/
o
O
 
-
 
I
n
c
/
d
e
c
 
i
_
o
_
s
t
e
p
_
p
k
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
A
p
p
en
d
ix
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D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
2
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
4
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
a
A
/
z
Z
 
-
 
I
n
c
/
d
e
c
 
K
p
_
i
o
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
5
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
s
S
/
x
X
 
-
 
I
n
c
/
d
e
c
 
T
r
_
i
o
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
6
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
r
R
/
f
F
 
-
 
I
n
c
/
d
e
c
 
K
p
_
i
d
m
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
7
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
u
U
/
j
J
 
-
 
I
n
c
/
d
e
c
 
T
r
_
i
d
m
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
8
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
q
 
-
 
S
t
a
r
t
 
i
_
d
m
 
c
o
n
t
r
o
l
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
9
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
w
 
-
 
S
t
a
r
t
 
i
_
o
 
c
o
n
t
r
o
l
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
1
0
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
l
 
-
 
R
e
q
u
e
s
t
 
s
t
e
p
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
1
1
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
g
 
-
 
G
r
a
b
 
i
n
t
e
r
r
u
p
t
 
d
a
t
a
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
1
2
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
b
 
-
 
C
l
e
a
r
 
g
r
a
b
b
e
d
 
d
a
t
a
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
H
E
L
P
_
S
T
A
R
T
+
1
3
:
  
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
t
?
 
-
 
P
r
i
n
t
 
h
e
l
p
 
s
c
r
e
e
n
\
n
\
n
\
n
"
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
d
e
f
a
u
l
t
:
 
 
 
 
 
d
i
s
p
l
a
y
_
s
t
a
t
e
 
=
 
0
x
F
0
0
0
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
}
 
 }
 
/
*
 
e
n
d
 
c
o
m
_
d
i
s
p
l
a
y
 
*
/
 
 v
o
i
d
 
c
o
m
_
k
e
y
b
o
a
r
d
(
v
o
i
d
)
 
{
 
 
c
h
a
r
 
 
 
c
;
 
  
i
f
 
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 
 
{
 
 
 
/
/
p
u
t
c
h
a
r
_
C
O
M
1
(
'
H
'
)
;
 
 
 
c
 
=
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
s
w
i
t
c
h
(
c
)
 
 
 
 
{
 
 
 
 
 
 
 
 
/
/
 
I
n
c
/
d
e
c
 
o
u
t
p
u
t
 
p
e
a
k
 
c
u
r
r
e
n
t
 
r
e
f
e
r
e
n
c
e
 
 
 
 
c
a
s
e
 
'
i
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
r
e
f
_
p
k
 
<
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
A
X
 
-
 
0
.
1
)
)
 
i
_
o
_
r
e
f
_
p
k
 
+
=
 
0
.
1
;
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
_
s
e
t
(
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
I
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
r
e
f
_
p
k
 
<
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
A
X
 
-
 
1
.
0
)
)
 
i
_
o
_
r
e
f
_
p
k
 
+
=
 
1
.
0
;
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
_
s
e
t
(
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
m
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
r
e
f
_
p
k
 
>
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
I
N
 
+
 
0
.
1
)
)
 
i
_
o
_
r
e
f
_
p
k
 
-
=
 
0
.
1
;
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
_
s
e
t
(
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
M
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
r
e
f
_
p
k
 
>
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
I
N
 
+
 
1
.
0
)
)
 
i
_
o
_
r
e
f
_
p
k
 
-
=
 
1
.
0
;
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
_
s
e
t
(
i
_
o
_
r
e
f
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
 
 
 
 
 
/
/
 
I
n
c
/
d
e
c
 
o
u
t
p
u
t
 
p
e
a
k
 
c
u
r
r
e
n
t
 
s
t
e
p
 
r
e
f
e
r
e
n
c
e
 
 
 
 
c
a
s
e
 
'
p
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
s
t
e
p
_
p
k
 
<
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
A
X
 
-
 
0
.
1
)
)
 
i
_
o
_
s
t
e
p
_
p
k
 
+
=
 
0
.
1
;
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
_
s
e
t
(
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
P
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
s
t
e
p
_
p
k
 
<
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
A
X
 
-
 
1
.
0
)
)
 
i
_
o
_
s
t
e
p
_
p
k
 
+
=
 
1
.
0
;
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
_
s
e
t
(
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
o
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
s
t
e
p
_
p
k
 
>
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
I
N
 
+
 
0
.
1
)
)
 
i
_
o
_
s
t
e
p
_
p
k
 
-
=
 
0
.
1
;
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
_
s
e
t
(
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
3
 
 
 
 
c
a
s
e
 
'
O
'
:
 
 
 
 
 
i
f
 
(
i
_
o
_
s
t
e
p
_
p
k
 
>
=
 
(
I
_
O
_
R
E
F
_
P
K
_
M
I
N
 
+
 
1
.
0
)
)
 i
_
o
_
s
t
e
p
_
p
k
 
-
=
 
1
.
0
;
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
_
s
e
t
(
i
_
o
_
s
t
e
p
_
p
k
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
I
n
c
/
d
e
c
 
K
p
_
i
o
 
 
 
 
 
c
a
s
e
 
'
a
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
o
 
<
=
 
(
K
P
_
I
O
_
M
A
X
 
-
 
K
P
_
I
O
_
S
M
A
L
L
_
S
T
E
P
)
)
 
K
p
_
i
o
 
+
=
 
K
P
_
I
O
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
o
_
s
e
t
(
K
p
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
A
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
o
 
<
=
 
(
K
P
_
I
O
_
M
A
X
 
-
 
K
P
_
I
O
_
L
A
R
G
E
_
S
T
E
P
)
)
 
K
p
_
i
o
 
+
=
 
K
P
_
I
O
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
o
_
s
e
t
(
K
p
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
z
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
o
 
>
=
 
(
K
P
_
I
O
_
M
I
N
 
+
 
K
P
_
I
O
_
S
M
A
L
L
_
S
T
E
P
)
)
 
K
p
_
i
o
 
-
=
 
K
P
_
I
O
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
o
_
s
e
t
(
K
p
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
Z
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
o
 
>
=
 
(
K
P
_
I
O
_
M
I
N
 
+
 
K
P
_
I
O
_
L
A
R
G
E
_
S
T
E
P
)
)
 
K
p
_
i
o
 
-
=
 
K
P
_
I
O
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
o
_
s
e
t
(
K
p
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
/
/
 
I
n
c
/
d
e
c
 
T
r
_
i
o
 
 
 
 
 
c
a
s
e
 
'
s
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
o
 
<
=
 
(
T
R
_
I
O
_
M
A
X
 
-
 
T
R
_
I
O
_
S
M
A
L
L
_
S
T
E
P
)
)
 
T
r
_
i
o
 
+
=
 
T
R
_
I
O
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
i
r
_
i
o
_
s
e
t
(
K
p
_
i
o
,
 
T
r
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
S
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
o
 
<
=
 
(
T
R
_
I
O
_
M
A
X
 
-
 
T
R
_
I
O
_
L
A
R
G
E
_
S
T
E
P
)
)
 
T
r
_
i
o
 
+
=
 
T
R
_
I
O
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
i
r
_
i
o
_
s
e
t
(
K
p
_
i
o
,
 
T
r
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
x
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
o
 
>
=
 
(
T
R
_
I
O
_
M
I
N
 
+
 
T
R
_
I
O
_
S
M
A
L
L
_
S
T
E
P
)
)
 
T
r
_
i
o
 
-
=
 
T
R
_
I
O
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
i
r
_
i
o
_
s
e
t
(
K
p
_
i
o
,
 
T
r
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
X
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
o
 
>
=
 
(
T
R
_
I
O
_
M
I
N
 
+
 
T
R
_
I
O
_
L
A
R
G
E
_
S
T
E
P
)
)
 
T
r
_
i
o
 
-
=
 
T
R
_
I
O
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
i
r
_
i
o
_
s
e
t
(
K
p
_
i
o
,
 
T
r
_
i
o
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
 
 
  
 
 
/
/
 
I
n
c
/
d
e
c
 
K
p
_
i
d
m
  
 
 
 
c
a
s
e
 
'
r
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
d
m
 
<
=
 
(
K
P
_
I
D
M
_
M
A
X
 
-
 
K
P
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
)
)
 
K
p
_
i
d
m
 
+
=
 
K
P
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
R
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
d
m
 
<
=
 
(
K
P
_
I
D
M
_
M
A
X
 
-
 
K
P
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
)
)
 
K
p
_
i
d
m
 
+
=
 
K
P
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
f
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
d
m
 
>
=
 
(
K
P
_
I
D
M
_
M
I
N
 
+
 
K
P
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
)
)
 
K
p
_
i
d
m
 
-
=
 
K
P
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
F
'
:
 
 
 
 
 
i
f
 
(
K
p
_
i
d
m
 
>
=
 
(
K
P
_
I
D
M
_
M
I
N
 
+
 
K
P
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
)
)
 K
p
_
i
d
m
 
-
=
 
K
P
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
p
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
/
/
 
I
n
c
/
d
e
c
 
T
r
_
i
d
m
  
 
 
 
c
a
s
e
 
'
u
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
d
m
 
<
=
 
(
T
R
_
I
D
M
_
M
A
X
 
-
 
T
R
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
)
)
 
T
r
_
i
d
m
 
+
=
 
T
R
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
i
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
,
 
T
r
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
U
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
d
m
 
<
=
 
(
T
R
_
I
D
M
_
M
A
X
 
-
 
T
R
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
)
)
 
T
r
_
i
d
m
 
+
=
 
T
R
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
i
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
,
 
T
r
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
j
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
d
m
 
>
=
 
(
T
R
_
I
D
M
_
M
I
N
 
+
 
T
R
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
)
)
 
T
r
_
i
d
m
 
-
=
 
T
R
_
I
D
M
_
S
M
A
L
L
_
S
T
E
P
;
 v
s
i
_
K
i
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
,
 
T
r
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
J
'
:
 
 
 
 
 
i
f
 
(
T
r
_
i
d
m
 
>
=
 
(
T
R
_
I
D
M
_
M
I
N
 
+
 
T
R
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
)
)
 T
r
_
i
d
m
 
-
=
 
T
R
_
I
D
M
_
L
A
R
G
E
_
S
T
E
P
;
 v
s
i
_
K
i
_
i
d
m
_
s
e
t
(
K
p
_
i
d
m
,
 
T
r
_
i
d
m
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
 
 
 
 
 
 
c
a
s
e
 
'
d
'
:
 
/
*
 
d
i
s
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
S
t
o
p
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
/
/
s
t
a
r
t
_
i
_
d
m
_
c
o
n
t
r
o
l
 
=
 
F
A
L
S
E
;
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
4
 
 
 
 
 
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
=
 
F
A
L
S
E
;
 
 
 
 
 
r
e
q
u
e
s
t
_
s
t
e
p
 
=
 
F
A
L
S
E
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
e
'
:
 
/
*
 
e
n
a
b
l
e
 
s
w
i
t
c
h
i
n
g
+
i
n
t
e
r
r
u
p
t
s
 
*
/
 
 
 
 
 
i
n
t
_
i
d
m
 
=
 
0
L
;
 
 
 
 
 
p
i
_
i
d
m
 
=
 
0
L
;
  
 
 
 
 
i
f
(
v
s
i
_
g
e
t
_
m
o
d
e
(
)
=
=
V
S
I
_
M
O
D
E
_
S
T
O
P
)
 
 
 
 
 
{
  
 
 
 
 
 
S
t
a
r
t
T
r
i
g
g
e
r
(
)
;
 
 
 
 
 
}
  
 
 
 
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
w
'
:
 
 
 
 
 
 
 
i
f
(
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
=
=
 
F
A
L
S
E
)
 
 
 
 
 
 
{
 
 
 
 
 
 
 
i
n
t
1
c
_
i
o
 
=
 
0
.
0
;
 
 
 
 
 
 
 
i
n
t
2
c
_
i
o
 
=
 
0
.
0
;
 
 
 
 
 
 
 
p
r
_
i
o
 
=
 
0
.
0
;
 
 
 
 
 
 
 
v
s
i
_
p
h
a
s
e
_
s
e
t
(
0
L
)
;
 
 
 
 
 
 
 
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
=
 
T
R
U
E
;
 
 
 
 
 
 
}
 
  
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
l
'
:
 
 
 
 
 
 
i
f
(
 
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
=
=
 
T
R
U
E
 
)
 
 
 
 
 
{
 
 
 
 
 
 
r
e
q
u
e
s
t
_
s
t
e
p
 
=
 
T
R
U
E
;
 
 
 
 
 
 
i
_
o
_
r
e
f
_
p
k
 
=
 
i
_
o
_
s
t
e
p
_
p
k
;
 
 
 
 
 
}
  
 
 
 
 
 
 
 
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
g
'
:
 
 
 
 
 
G
r
a
b
S
t
a
r
t
(
G
R
A
B
_
L
E
N
G
T
H
)
;
 
 
 
 
 
b
r
e
a
k
;
 
 
 
 
c
a
s
e
 
'
b
'
:
 
 
 
 
 
G
r
a
b
C
l
e
a
r
(
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
 
 
 
 
c
a
s
e
 
'
?
'
:
 
/
/
 
p
r
i
n
t
 
h
e
l
p
 
i
n
f
o
r
m
a
t
i
o
n
 
 
 
 
 
c
o
m
_
d
i
s
p
l
a
y
(
2
)
;
 
 
 
 
 
b
r
e
a
k
;
  
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
c
o
m
_
k
e
y
b
o
a
r
d
 
*
/
 
 /
*
 
I
n
i
t
i
a
l
i
s
e
 
t
h
e
 
g
r
a
b
 
d
a
t
a
 
s
t
o
r
a
g
e
 
a
r
r
a
y
 
*
/
 
v
o
i
d
 
G
r
a
b
I
n
i
t
(
v
o
i
d
)
 
{
 
 
i
n
t
 
i
,
j
;
 
 
g
r
a
b
_
i
n
d
e
x
 
=
 
0
;
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
T
O
P
P
E
D
;
 
 
/
*
 
c
l
e
a
r
 
t
h
e
 
g
r
a
b
 
a
r
r
a
y
 
*
/
 
 
f
o
r
 
(
i
=
0
;
 
i
<
G
R
A
B
_
L
E
N
G
T
H
;
 
i
+
+
)
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
 
g
r
a
b
_
a
r
r
a
y
[
i
]
[
j
]
 
=
 
0
;
 
 
 
/
*
 
e
n
d
 
f
o
r
 
i
 
*
/
 
 
/
*
 
e
n
d
 
f
o
r
 
j
 
*
/
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
G
O
;
 
}
 
/
*
 
e
n
d
 
G
r
a
b
I
n
i
t
 
*
/
 
 /
*
 
D
i
s
p
l
a
y
 
t
h
e
 
g
r
a
b
b
e
d
 
d
a
t
a
 
f
o
r
 
f
i
l
e
 
s
t
o
r
a
g
e
 
m
o
d
e
 
=
=
 
1
 
p
r
i
n
t
s
 
t
h
e
 
h
e
a
d
e
r
,
 
e
l
s
e
 
p
r
i
n
t
s
 
a
 
l
i
n
e
 
o
f
 
g
r
a
b
b
e
d
 
d
a
t
a
 
s
t
a
r
t
s
 
f
r
o
m
 
g
r
a
b
_
i
n
d
e
x
 
a
n
d
 
c
o
n
t
i
n
u
e
s
 
o
n
.
 
*
/
 
v
o
i
d
 
G
r
a
b
D
i
s
p
l
a
y
(
v
o
i
d
)
 
{
 
 
i
n
t
 
j
;
 
 
s
t
a
t
i
c
 
i
n
t
 
i
 
=
 
0
;
  
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
T
O
P
P
E
D
)
 
 
{
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
i
\
t
"
)
;
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
j
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
i
 
=
 
0
;
 
 
 
g
r
a
b
_
m
o
d
e
 
=
 
G
R
A
B
_
S
H
O
W
;
 
 
}
 
 
e
l
s
e
 
i
f
 
(
g
r
a
b
_
m
o
d
e
 
=
=
 
G
R
A
B
_
S
H
O
W
)
 
 
{
  
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
i
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
4
5
 
 
 
f
o
r
 
(
j
=
0
;
 
j
<
G
R
A
B
_
W
I
D
T
H
;
 
j
+
+
)
 
 
 
{
  
 
 
 
 
 
#
i
f
d
e
f
 
G
R
A
B
_
I
N
T
1
6
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
d
\
t
"
,
g
r
a
b
_
a
r
r
a
y
[
g
r
a
b
_
i
n
d
e
x
]
[
j
]
)
;
 
/
/
 
f
o
r
m
a
t
 
f
o
r
 
i
n
t
1
6
 
 
 
 
#
e
n
d
i
f
 
 
 
 
 
 
 
 
#
i
f
d
e
f
 
G
R
A
B
_
I
N
T
3
2
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
l
i
\
t
"
,
g
r
a
b
_
a
r
r
a
y
[
g
r
a
b
_
i
n
d
e
x
]
[
j
]
)
;
 
/
/
 
f
o
r
m
a
t
 
f
o
r
 
i
n
t
3
2
 
 
 
 
#
e
n
d
i
f
 
 
 
 
 
 
 
 
#
i
f
d
e
f
 
G
R
A
B
_
D
O
U
B
L
E
 
 
 
 
 
s
p
r
i
n
t
f
(
s
t
r
,
"
%
0
.
1
2
f
\
t
"
,
g
r
a
b
_
a
r
r
a
y
[
g
r
a
b
_
i
n
d
e
x
]
[
j
]
)
;
 
/
/
 
f
o
r
m
a
t
 
f
o
r
 
d
o
u
b
l
e
 
 
 
 
#
e
n
d
i
f
  
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
s
t
r
)
;
 
 
 
}
 
 
 
/
/
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
g
r
a
b
_
i
n
d
e
x
+
+
;
 
 
 
i
f
 
(
g
r
a
b
_
i
n
d
e
x
 
>
=
 
G
R
A
B
_
L
E
N
G
T
H
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_
A
,
 
t
_
E
V
A
_
B
,
 
t
_
E
V
A
_
C
,
 
t
_
E
V
B
_
A
,
 
t
_
E
V
B
_
B
,
 
t
_
E
V
B
_
C
,
 
V
o
f
f
,
 
 
E
V
A
_
A
s
a
t
 
=
 
0
,
 
E
V
A
_
B
s
a
t
 
=
 
0
,
 
 
 
E
V
B
_
A
s
a
t
 
=
 
0
,
 
E
V
B
_
B
s
a
t
 
=
 
0
,
 
 
 
E
V
A
_
A
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
A
_
B
s
a
t
_
p
r
e
v
 
=
 
0
,
 
 
 
E
V
B
_
A
s
a
t
_
p
r
e
v
 
=
 
0
,
 
E
V
B
_
B
s
a
t
_
p
r
e
v
 
=
 
0
;
 
 /
/
 
D
i
g
i
t
a
l
 
t
o
 
A
n
a
l
o
g
 
i
n
t
1
6
 
 
D
A
C
_
o
u
t
;
 
 
 
i
n
t
3
2
 
 
 
D
A
C
_
o
u
t
_
l
o
n
g
;
 
 /
/
 
M
e
a
s
u
r
e
d
 
q
u
a
n
t
i
t
e
s
 
f
r
o
m
 
t
h
e
 
a
d
c
 
t
y
p
e
_
a
d
c
 
 
a
d
c
 
=
 
 
{
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
c
a
l
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
v
h
_
b
a
k
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
 
 
 
0
,
 
  
/
/
 
c
o
u
n
t
_
r
m
s
_
b
a
k
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
c
a
l
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
v
h
,
 
 
 
0
,
 
  
/
/
 
f
l
a
g
_
r
m
s
 
 
 
/
/
t
y
p
e
_
a
d
c
_
c
h
 
 
 
{
 
 
0
,
 
 /
/
 
r
a
w
 
 
 
 
 
 
0
,
 
 /
/
 
f
i
l
t
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
r
m
s
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
 
 
 
 
 
 
0
L
,
 
 /
/
 
d
c
_
s
u
m
_
b
a
k
 
 
 
 
 
 
0
.
0
 
 /
/
 
r
e
a
l
 
 
 
 
 
 
}
,
 
  
 
 
 
 
 
 
/
/
 
I
3
 
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 
 /
/
 
V
d
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
3
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
5
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
4
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
d
c
1
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
I
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
A
P
O
T
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
a
c
2
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
V
g
e
n
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
H
B
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
,
 /
/
 
y
L
A
 
 
 
{
 
0
,
 
0
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
L
,
 
0
.
0
 
}
 /
/
 
y
L
B
 
 
}
;
 
 /
/
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
v
a
r
i
a
b
l
e
s
 
i
n
t
1
6
 
 
c
a
l
_
g
a
i
n
A
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
g
a
i
n
B
 
=
 
1
<
<
1
4
,
  
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
g
a
i
n
 
f
a
c
t
o
r
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
A
 
=
 
0
,
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
A
 
c
h
a
n
n
e
l
 
 
c
a
l
_
o
f
f
s
e
t
B
 
=
 
0
;
 
 
/
/
/
<
 
c
a
l
i
b
r
a
t
i
o
n
 
o
f
f
s
e
t
 
f
o
r
 
B
 
c
h
a
n
n
e
l
 
 /
*
 
A
D
C
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
*
/
 
d
o
u
b
l
e
 
 
c
a
l
_
g
a
i
n
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
o
f
f
s
e
t
_
A
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
A
 
 
c
a
l
_
g
a
i
n
_
B
,
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
G
a
i
n
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 
c
a
l
_
o
f
f
s
e
t
_
B
;
 
  
 
/
/
/
<
 
C
a
l
i
b
r
a
t
i
o
n
 
O
f
f
s
e
t
 
f
o
r
 
C
h
a
n
n
e
l
 
B
 
 /
*
F
a
u
l
t
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
,
 /
/
/
<
 
b
i
t
s
 
s
e
t
 
f
o
r
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
(
p
o
s
s
i
b
l
y
 
c
l
e
a
r
e
d
)
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
2
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
=
 
0
,
/
/
/
<
 
c
o
u
n
t
 
o
f
 
f
a
u
l
t
s
 
f
o
r
 
l
o
c
k
i
n
g
 
o
u
t
 
b
a
d
 
f
a
u
l
t
s
 
 
v
a
c
_
u
n
d
e
r
v
o
l
t
a
g
e
 
=
 
0
;
 
/
/
/
<
 
c
o
u
n
t
 
o
f
 
V
a
c
 
u
n
d
e
r
v
o
l
t
a
g
e
 
c
y
c
l
e
s
 
  
c
o
n
s
t
 
c
h
a
r
 
h
e
x
[
1
6
]
 
=
 
{
"
0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
"
}
;
 
/
/
 
a
u
x
i
l
i
a
r
y
 
v
a
r
i
a
b
l
e
 
t
o
 
p
r
i
n
t
 
f
a
u
l
t
 
c
o
d
e
 
 e
x
t
e
r
n
 
c
h
a
r
 
 
s
t
r
[
3
0
]
;
 
 
 
/
*
 
D
e
b
u
g
 
v
a
r
i
a
b
l
e
s
 
*
/
 
U
i
n
t
1
6
 
 
T
o
g
g
l
e
B
i
t
1
 
=
 
0
,
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
0
,
 
 
i
t
e
m
p
;
  
 /
*
 
A
p
p
l
i
c
a
t
i
o
n
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
b
l
e
s
 
*
/
 
i
n
t
3
2
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
 
=
 
0
L
;
 
/
/
 
p
e
a
k
 
c
u
r
r
e
n
t
 
r
e
f
e
r
e
n
c
e
 
i
n
 
[
a
d
c
c
n
t
]
 
i
n
t
3
2
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
 
=
 
0
L
;
 
/
/
 
p
e
a
k
 
c
u
r
r
e
n
t
 
s
t
e
p
 
i
n
 
[
a
d
c
c
n
t
]
 
i
n
t
3
2
 
i
_
o
 
=
 
0
L
;
 
i
n
t
3
2
 
i
_
o
_
r
e
f
 
=
 
0
L
;
 
i
n
t
3
2
 
i
_
o
_
e
r
r
 
=
 
0
L
;
 
 d
o
u
b
l
e
 
v
s
i
_
K
p
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
v
s
i
_
K
i
r
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
p
r
o
p
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
i
o
_
e
r
r
_
x
_
K
i
r
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
i
n
t
1
c
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
i
n
t
2
c
_
i
o
 
=
 
0
.
0
;
 
d
o
u
b
l
e
 
p
r
_
i
o
 
=
 
0
.
0
;
 
 i
n
t
3
2
 
i
_
A
 
=
 
0
L
,
 
i
_
B
 
=
 
0
L
;
 
i
n
t
3
2
 
p
r
e
v
_
i
_
d
m
 
=
 
0
L
,
 
i
_
d
m
 
=
 
0
L
;
 
i
n
t
3
2
 
v
s
i
_
i
_
d
m
_
r
e
f
 
=
 
0
L
;
 
i
n
t
3
2
 
v
s
i
_
i
_
d
m
_
s
t
e
p
 
=
 
0
L
;
 
i
n
t
3
2
 
i
_
d
m
_
e
r
r
 
=
 
0
L
;
 
 #
i
f
d
e
f
 
I
_
D
M
_
C
O
N
T
R
O
L
_
F
L
O
A
T
I
N
G
_
P
O
I
N
T
 
  
d
o
u
b
l
e
 
v
s
i
_
K
p
_
i
d
m
 
=
 
0
.
0
;
 
 
d
o
u
b
l
e
 
v
s
i
_
K
i
_
i
d
m
 
=
 
0
.
0
;
 
 
d
o
u
b
l
e
 
p
r
o
p
_
i
d
m
 
=
 
0
.
0
;
 
 
d
o
u
b
l
e
 
i
n
t
_
i
d
m
 
=
 
0
.
0
;
 
 
d
o
u
b
l
e
 
p
i
_
i
d
m
 
=
 
0
.
0
;
 
 #
e
n
d
i
f
 
 #
i
f
d
e
f
 I
_
D
M
_
C
O
N
T
R
O
L
_
F
I
X
E
D
_
P
O
I
N
T
 
  
i
n
t
3
2
 
v
s
i
_
K
p
_
i
d
m
 
=
 
0
L
;
 
 
i
n
t
3
2
 
v
s
i
_
K
i
_
i
d
m
 
=
 
0
L
;
 
 
i
n
t
3
2
 
p
r
o
p
_
i
d
m
 
=
 
0
L
;
 
 
i
n
t
3
2
 
i
n
t
_
i
d
m
 
=
 
0
L
;
 
 
i
n
t
3
2
 
p
i
_
i
d
m
 
=
 
0
L
;
 
 #
e
n
d
i
f
  
 U
i
n
t
1
6
 
s
t
a
r
t
_
i
_
d
m
_
c
o
n
t
r
o
l
 
=
 
F
A
L
S
E
;
 
U
i
n
t
1
6
 
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
 
=
 
F
A
L
S
E
;
 
U
i
n
t
1
6
 
r
e
q
u
e
s
t
_
s
t
e
p
 
 
=
 
F
A
L
S
E
;
 
 d
o
u
b
l
e
 
v
s
i
_
d
e
b
u
g
_
v
a
r
0
1
 
=
 
0
.
0
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
0
2
 
=
 
0
.
0
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
0
3
 
=
 
0
.
0
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
0
4
 
=
 
0
.
0
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
0
5
 
=
 
0
.
0
;
 
 
i
n
t
3
2
 
 
v
s
i
_
d
e
b
u
g
_
v
a
r
1
1
 
=
 
0
L
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
1
2
 
=
 
0
L
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
1
3
 
=
 
0
L
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
1
4
 
=
 
0
L
,
 
v
s
i
_
d
e
b
u
g
_
v
a
r
1
5
 
=
 
0
L
;
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
L
o
c
a
l
 
F
u
n
c
t
i
o
n
 
P
r
o
t
o
t
y
p
e
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
/
/
 
p
w
m
 
i
n
t
e
r
r
u
p
t
 
f
o
r
 
v
s
i
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
;
 
 /
/
/
 
P
D
P
I
N
T
 
V
S
I
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
p
d
p
i
n
t
(
v
o
i
d
)
;
 
 /
/
/
 
X
I
N
T
1
 
H
V
 
D
C
 
O
v
e
r
 
v
o
l
t
a
g
e
 
i
n
t
e
r
r
u
p
t
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
v
s
i
_
o
v
e
r
_
v
o
l
t
a
g
e
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
P
W
M
 
o
u
t
p
u
t
s
 
(
V
S
I
)
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
3
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
t
a
r
t
s
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
p
w
m
_
s
t
a
r
t
(
v
o
i
d
)
;
 
 /
/
/
 
s
e
t
s
 
u
p
 
t
h
e
 
A
D
C
 
f
o
r
 
s
a
m
p
l
i
n
g
 
t
r
i
g
g
e
r
e
d
 
b
y
 
P
W
M
 
v
o
i
d
 
a
d
c
_
i
n
i
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
a
l
i
b
r
a
t
e
s
 
t
h
e
 
a
d
c
 
f
o
r
 
g
a
i
n
 
a
n
d
 
o
f
f
s
e
t
 
u
s
i
n
g
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
i
n
p
u
t
s
.
 
v
o
i
d
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
v
o
i
d
)
;
 
 /
/
/
 
S
c
a
l
e
s
 
t
h
e
 
f
i
l
t
e
r
e
d
 
A
D
C
 
q
u
a
n
t
i
t
i
e
s
 
f
o
r
 
u
s
e
 
i
n
 
b
a
c
k
g
r
o
u
n
d
.
 
v
o
i
d
 
a
d
c
_
s
c
a
l
e
(
v
o
i
d
)
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
D
e
f
i
n
i
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
V
s
i
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
s
 
*
/
 
v
o
i
d
 
/
/
/
 
i
n
i
t
i
a
l
i
s
e
s
 
t
h
e
 
V
S
I
 
r
e
g
u
l
a
t
o
r
 
 
s
t
_
v
s
i
_
i
n
i
t
(
v
o
i
d
)
,
 
/
/
/
 
s
o
f
t
 
c
h
a
r
g
e
 
d
c
 
b
u
s
 
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
i
n
g
 
f
o
r
 
s
t
a
r
t
 
t
r
i
g
g
e
r
 
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
,
 
/
/
/
 
r
a
m
p
s
 
u
p
 
t
h
e
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
/
/
 s
t
_
v
s
i
_
r
a
m
p
(
v
o
i
d
)
,
 
/
/
/
 
m
a
i
n
t
a
i
n
i
n
g
 
t
a
r
g
e
t
 
o
u
t
p
u
t
 
v
o
l
t
a
g
e
 
 
s
t
_
v
s
i
_
r
u
n
(
v
o
i
d
)
,
 
/
/
/
 
w
a
i
t
 
f
o
r
 
f
a
u
l
t
s
 
t
o
 
c
l
e
a
r
 
 
s
t
_
v
s
i
_
f
a
u
l
t
(
v
o
i
d
)
;
 
 /
/
/
 
C
u
r
r
e
n
t
 
V
S
I
 
S
t
a
t
e
 
M
a
c
h
i
n
e
 
A
c
t
i
v
e
 
F
u
n
c
t
i
o
n
 
S
t
a
t
e
_
T
y
p
e
 
 
v
s
i
_
s
t
a
t
e
 
=
 
 
{
 
 
 
&
s
t
_
v
s
i
_
i
n
i
t
,
  
/
/
 
s
t
a
t
e
 
f
u
n
c
t
i
o
n
 
p
t
r
 
 
 
1
  
 
 
 
/
/
 
f
i
r
s
t
 
s
t
a
t
e
 
f
l
a
g
 
 
}
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
E
x
p
o
r
t
e
d
 
V
S
I
 
F
u
n
c
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
R
u
n
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
a
n
d
 
l
o
o
k
 
a
f
t
e
r
 
b
a
c
k
g
r
o
u
n
d
 
a
v
e
r
a
g
i
n
g
 
a
n
d
 
A
D
C
 
t
a
s
k
s
 
*
/
 
v
o
i
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
(
v
o
i
d
)
 
{
 
 
D
O
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
i
f
 
(
a
d
c
.
f
l
a
g
_
c
a
l
 
!
=
 
0
)
 
 
{
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
0
;
 
 
 
a
d
c
_
c
a
l
i
b
r
a
t
e
(
)
;
 
 
}
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
{
 
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
=
 
0
)
 
 
 
{
 
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
-
-
;
 
 
 
 
i
f
 
(
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
 
>
 
0
)
 
 
 
 
{
 
 
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
F
A
U
L
T
]
 
=
 
F
A
U
L
T
_
T
I
M
E
O
U
T
;
 
 
 
 
}
 
 
 
}
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
s
t
a
t
e
_
m
a
c
h
i
n
e
 
*
/
 
 /
*
 
R
e
t
u
n
s
 
m
o
d
u
l
a
t
i
o
n
 
s
t
a
t
u
s
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
U
i
n
t
1
6
 
I
s
M
o
d
u
l
a
t
i
n
g
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
i
s
_
m
o
d
u
l
a
t
i
n
g
;
 
}
 
 /
*
 
U
s
e
r
 
s
t
a
r
t
 
P
W
M
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
v
o
i
d
 
S
t
a
r
t
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
1
;
 
}
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
4
 
 /
*
 
U
s
e
r
 
s
t
o
p
 
P
M
W
 
f
u
n
c
t
i
o
n
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
v
o
i
d
 
S
t
o
p
T
r
i
g
g
e
r
(
v
o
i
d
)
 
{
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
  
}
 
 /
*
 
C
h
e
c
k
 
s
y
s
t
e
m
 
s
t
a
t
u
s
.
 
\
r
e
t
v
a
l
 
1
 
 
s
y
s
t
e
m
 
r
u
n
n
i
n
g
 
\
r
e
t
v
a
l
 
0
 
 
s
y
s
t
e
m
 
s
t
o
p
p
e
d
 
\
r
e
t
v
a
l
 
-
1
 
 
s
y
s
t
e
m
 
f
a
u
l
t
e
d
 
*
/
 
i
n
t
1
6
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
(
v
o
i
d
)
 
{
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
 
r
e
t
u
r
n
 
-
1
;
 
 
e
l
s
e
 
 
 
r
e
t
u
r
n
 
1
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
s
t
a
t
u
s
 
*
/
 
  /
*
 
G
e
t
s
 
a
l
l
 
f
a
u
l
t
s
 
d
e
t
e
c
t
e
d
 
s
i
n
c
e
 
l
a
s
t
 
c
l
e
a
r
.
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
r
e
t
u
r
n
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
C
l
e
a
r
 
t
h
e
 
d
e
t
e
c
t
e
d
 
f
a
u
l
t
s
.
 
*
/
 
v
o
i
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
  
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
{
 
 
 
R
E
S
E
T
_
G
A
T
E
S
(
)
;
 
 
 
R
E
S
E
T
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
(
)
;
 
 
 
E
N
A
B
L
E
_
G
A
T
E
S
_
E
1
0
(
)
;
 
 
 
d
e
l
a
y
 
=
 
1
0
0
0
;
 
 
 
w
h
i
l
e
 
(
d
e
l
a
y
)
 
 
 
 
d
e
l
a
y
-
-
;
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
A
A
0
0
;
 
 
}
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
 
 
i
f
 
(
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
P
D
P
I
N
T
A
S
T
A
T
U
S
 
=
=
 
0
)
 
 
{
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
;
 
 
}
 
}
 
/
*
 
e
n
d
 
v
s
i
_
c
l
e
a
r
_
f
a
u
l
t
s
 
*
/
 
 /
*
 
R
e
t
r
i
e
v
e
 
p
r
e
s
e
n
t
 
o
p
e
r
a
t
i
n
g
 
m
o
d
e
 
o
f
 
v
s
i
 
s
t
a
t
e
 
m
a
c
h
i
n
e
 
-
 
b
a
c
k
g
r
o
u
n
d
 
u
s
e
 
*
/
 
U
i
n
t
1
6
 
v
s
i
_
g
e
t
_
m
o
d
e
(
v
o
i
d
)
 
{
 
 
U
i
n
t
1
6
 
 
 
m
o
d
e
;
 
  
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
r
u
n
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
R
U
N
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
S
T
O
P
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
i
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
I
T
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
I
N
P
U
T
_
C
H
A
R
G
E
;
 
 
e
l
s
e
 
i
f
 
(
I
S
_
C
U
R
R
E
N
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
)
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
 
e
l
s
e
 
 
 
m
o
d
e
 
=
 
V
S
I
_
M
O
D
E
_
F
A
U
L
T
;
 
  
r
e
t
u
r
n
 
m
o
d
e
;
 
}
 
/
*
 
e
n
d
 
v
s
i
_
g
e
t
_
m
o
d
e
 
*
/
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
5
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
I
n
t
e
r
r
u
p
t
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 /
*
 
M
a
i
n
 
V
S
I
 
I
S
R
 
*
/
 
#
i
f
n
d
e
f
 
B
U
I
L
D
_
R
A
M
 
#
p
r
a
g
m
a
 
C
O
D
E
_
S
E
C
T
I
O
N
(
i
s
r
_
p
w
m
,
 
"
r
a
m
f
u
n
c
s
"
)
;
 
#
e
n
d
i
f
 
i
n
t
e
r
r
u
p
t
 
v
o
i
d
 
i
s
r
_
p
w
m
(
v
o
i
d
)
 
{
 
  
i
f
(
T
o
g
g
l
e
B
i
t
2
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
2
(
)
;
 
 
T
o
g
g
l
e
B
i
t
2
 
=
 
!
T
o
g
g
l
e
B
i
t
2
;
  
 
 
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
  
 
 
 
 
 
i
f
(
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
U
F
I
N
T
 
|
|
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
b
i
t
.
T
1
P
I
N
T
)
 
w
h
o
_
i
s
_
i
t
 
=
 
T
I
M
E
R
1
_
I
N
T
;
 
 
e
l
s
e
 
i
f
(
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
U
F
I
N
T
 
|
|
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
P
I
N
T
)
 
w
h
o
_
i
s
_
i
t
 
=
 
T
I
M
E
R
3
_
I
N
T
;
  
 
 
 
 
/
*
 
F
i
n
d
 
o
u
t
 
t
h
e
 
d
i
r
e
c
t
i
o
n
 
w
h
i
c
h
 
t
h
e
 
t
i
m
e
r
s
 
a
r
e
 
g
o
i
n
g
 
*
/
 
 
/
/
1
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
r
i
s
i
n
g
 
(
u
n
d
e
r
f
l
o
w
 
i
n
t
e
r
r
u
p
t
)
 
 
/
/
0
 
=
 
P
W
M
 
c
a
r
r
i
e
r
 
i
s
 
c
u
r
r
e
n
t
l
y
 
f
a
l
l
i
n
g
 
(
p
e
r
i
o
d
 
i
n
t
e
r
r
u
p
t
)
 
 
t
i
m
e
r
1
_
d
i
r
 
=
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
b
i
t
.
T
1
S
T
A
T
;
 
 
t
i
m
e
r
3
_
d
i
r
 
=
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
b
i
t
.
T
3
S
T
A
T
;
 
 
 
 
/
/
i
f
(
w
h
o
_
i
s
_
i
t
 
=
=
 
T
I
M
E
R
1
_
I
N
T
)
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
 
/
/
i
f
(
w
h
o
_
i
s
_
i
t
 
=
=
 
T
I
M
E
R
3
_
I
N
T
)
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
e
l
s
e
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
4
(
)
;
 
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
D
C
s
 
R
e
a
d
i
n
g
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
 
 
/
*
 
R
e
a
d
 
a
n
d
 
s
c
a
l
e
 
A
D
C
 
v
a
l
u
e
s
 
*
/
 
 
 
/
/
 
W
a
i
t
 
f
o
r
 
A
D
C
 
t
o
 
b
e
 
f
i
n
i
s
h
e
d
 
 
 
w
h
i
l
e
(
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
S
E
Q
1
_
B
S
Y
)
;
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
4
>
>
4
)
;
 
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
 
a
d
c
.
I
1
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
1
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
1
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
8
>
>
4
)
;
 
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
 
a
d
c
.
I
2
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
2
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
2
_
O
F
F
S
E
T
_
E
R
R
O
R
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
0
>
>
4
)
;
 
 
 
/
/
 
g
a
i
n
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 
 
 
a
d
c
.
I
3
.
r
a
w
 
=
 
(
i
n
t
1
6
)
(
 
(
(
i
n
t
3
2
)
a
d
c
.
I
3
.
r
a
w
*
(
i
n
t
3
2
)
c
a
l
_
g
a
i
n
A
)
 
>
>
 
1
4
)
 
-
 
c
a
l
_
o
f
f
s
e
t
A
 
-
 
(
i
n
t
1
6
)
A
D
C
_
I
A
C
_
O
F
F
S
E
T
 
+
 
A
D
C
_
I
A
C
3
_
O
F
F
S
E
T
_
E
R
R
O
R
;
  
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
y
H
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
2
>
>
4
)
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
y
H
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
3
>
>
4
)
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
y
L
A
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
4
>
>
4
)
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
A
D
C
 
r
e
s
u
l
t
s
 
 
 
a
d
c
.
y
L
B
.
r
a
w
 
=
 
(
A
d
c
R
e
g
s
.
A
D
C
R
E
S
U
L
T
1
5
>
>
4
)
;
 
 
 
 
 
 
/
/
 
s
t
o
r
e
 
c
a
l
i
b
r
a
t
i
o
n
 
r
e
f
e
r
e
n
c
e
s
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
A
.
r
a
w
;
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
H
B
.
r
a
w
;
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
A
.
r
a
w
;
 
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
+
=
 
(
U
i
n
t
3
2
)
a
d
c
.
y
L
B
.
r
a
w
;
 
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
+
+
;
 
 
 
i
f
 
(
a
d
c
.
c
o
u
n
t
_
c
a
l
 
>
 
A
D
C
_
C
O
U
N
T
_
C
A
L
)
 
 
 
{
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
6
 
 
 
 
a
d
c
.
c
o
u
n
t
_
c
a
l
 
=
 
0
;
 
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
;
 
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
;
 
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
;
 
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
_
b
a
k
 
=
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
;
 
 
 
 
a
d
c
.
y
H
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
 
a
d
c
.
y
L
A
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
 
a
d
c
.
y
H
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
 
a
d
c
.
y
L
B
.
d
c
_
s
u
m
 
=
 
0
;
 
 
 
 
a
d
c
.
f
l
a
g
_
c
a
l
 
=
 
1
;
 
 
 
}
 
 
 
 
 
/
/
 
R
e
i
n
i
t
i
a
l
i
s
e
 
f
o
r
 
n
e
x
t
 
A
D
C
 
s
e
q
u
e
n
c
e
 
 
 
A
d
c
R
e
g
s
.
A
D
C
T
R
L
2
.
b
i
t
.
R
S
T
_
S
E
Q
1
 
=
 
1
;
 
 
 
/
/
 
R
e
s
e
t
 
S
E
Q
1
 
 
 
 
 
 
/
/
 
f
a
s
t
 
f
i
l
t
e
r
 
A
D
C
 
r
e
s
u
l
t
s
 
 
/
/
 a
d
c
.
I
1
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
1
.
f
i
l
t
 
+
 
a
d
c
.
I
1
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
 
/
/
a
d
c
.
I
2
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
2
.
f
i
l
t
 
+
 
a
d
c
.
I
2
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
 
/
/
a
d
c
.
I
3
.
f
i
l
t
 
=
 
(
3
*
a
d
c
.
I
3
.
f
i
l
t
 
+
 
a
d
c
.
I
3
.
r
a
w
 
+
 
2
)
>
>
2
;
 
 
 
 
 
 
/
/
 
a
s
s
i
g
n
 
g
e
n
e
r
i
c
 
v
a
r
i
a
b
l
e
s
 
t
o
 
a
p
p
l
i
c
a
t
i
o
n
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
b
l
e
s
 
 
 
i
_
o
 
=
 
(
 
(
i
n
t
3
2
)
(
 
-
a
d
c
.
I
1
.
r
a
w
 
)
 
)
<
<
Q
_
S
H
I
F
T
1
;
 
 
 
i
_
B
 
=
 
(
 
(
i
n
t
3
2
)
(
 
 
-
a
d
c
.
I
3
.
r
a
w
 
)
 
)
<
<
Q
_
S
H
I
F
T
1
;
 
 
 
 
 
 
i
_
d
m
 
=
 
i
_
B
>
>
1
;
 
 
 
i
_
d
m
 
=
 
(
i
n
t
3
2
)
(
 
(
 
(
i
n
t
3
2
)
(
 
(
i
n
t
3
2
)
p
r
e
v
_
i
_
d
m
 
+
 
(
i
n
t
3
2
)
i
_
d
m
 
)
 
)
>
>
1
)
;
 
/
/
 
c
a
l
c
u
l
a
t
e
 
a
v
e
r
a
g
e
 
o
f
 
t
w
o
 
l
a
s
t
 
s
a
m
p
l
e
s
 
 
 
p
r
e
v
_
i
_
d
m
 
=
 
i
_
d
m
;
 
/
/
 
s
t
o
r
e
 
a
c
t
u
a
l
 
s
a
m
p
l
e
 
a
s
 
p
r
e
v
i
o
u
s
 
o
n
e
 
 
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
n
a
l
o
g
 
F
a
u
l
t
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
/
 
/
/
  
/
/
 
C
h
e
c
k
 
o
v
e
r
c
u
r
r
e
n
t
 
o
n
 
a
n
a
l
o
g
s
 
/
/
  
i
f
(
 
(
a
b
s
(
a
d
c
.
I
1
.
f
i
l
t
)
>
A
N
A
L
O
G
_
O
V
E
R
C
U
R
R
E
N
T
_
L
E
V
E
L
_
A
C
)
|
|
 
/
/
  
 
 
 
(
a
b
s
(
a
d
c
.
I
2
.
f
i
l
t
)
>
A
N
A
L
O
G
_
O
V
E
R
C
U
R
R
E
N
T
_
L
E
V
E
L
_
A
C
)
|
|
 
/
/
  
 
 
 
(
a
b
s
(
a
d
c
.
I
3
.
f
i
l
t
)
>
A
N
A
L
O
G
_
O
V
E
R
C
U
R
R
E
N
T
_
L
E
V
E
L
_
A
C
)
)
 
/
/
  
{
 
/
/
  
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
/
/
  
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
|
=
 
F
A
U
L
T
_
S
W
_
O
C
_
V
S
I
;
 
/
/
  
}
 
/
/
  
e
l
s
e
 
/
/
  
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
=
 
~
F
A
U
L
T
_
S
W
_
O
C
_
V
S
I
;
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
A
n
g
l
e
 
C
a
l
c
u
l
a
t
i
o
n
s
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
  
 
/
*
 
u
p
d
a
t
e
 
p
h
a
s
e
 
a
n
g
l
e
 
*
/
 
 
 
p
h
a
s
e
 
+
=
 
p
h
a
s
e
_
s
t
e
p
;
 
 
 
i
n
d
e
x
 
=
 
(
p
h
a
s
e
>
>
2
2
)
|
0
x
0
0
0
1
;
 
/
/
 
t
o
 
a
c
c
e
s
s
 
h
i
g
h
 
w
o
r
d
 
o
f
 
3
2
 
b
i
t
 
s
i
n
e
 
t
a
b
l
e
 
 
 
p
h
a
s
e
_
o
f
f
s
e
t
 
=
 
(
p
h
a
s
e
&
0
x
0
0
7
F
0
0
0
0
L
)
>
>
1
6
;
 
 
 
 
 
 
/
/
 
P
e
a
k
 
f
o
u
n
d
 
 
 
i
f
(
p
h
a
s
e
 
-
 
P
H
A
S
E
_
9
0
 
<
 
p
h
a
s
e
_
s
t
e
p
)
 
 
 
{
 
 
 
 
i
f
 
(
r
e
q
u
e
s
t
_
s
t
e
p
 
=
=
 
T
R
U
E
)
 
 
 
 
{
 
 
 
 
 
r
e
q
u
e
s
t
_
s
t
e
p
 
=
 
F
A
L
S
E
;
 
 
 
 
 
v
s
i
_
i
_
o
_
r
e
f
_
p
k
 
=
 
v
s
i
_
i
_
o
_
s
t
e
p
_
p
k
;
 
/
/
 
a
p
p
l
y
 
s
t
e
p
 
v
a
l
u
e
 
t
o
 
t
h
e
 
c
o
m
m
a
n
d
e
d
 
o
u
t
p
u
t
 
c
u
r
r
e
n
t
 
 
 
 
 
v
s
i
_
i
_
d
m
_
r
e
f
 
=
 
v
s
i
_
i
_
d
m
_
s
t
e
p
;
 
/
/
 
a
p
p
l
y
 
s
t
e
p
 
v
a
l
u
e
 
t
o
 
t
h
e
 
c
o
m
m
a
n
d
e
d
 
d
i
f
f
e
r
e
n
t
i
a
l
-
m
o
d
e
 
c
u
r
r
e
n
t
 
 
 
 
 
 
 
 
 
 
T
o
g
g
l
e
B
i
t
3
 
=
 
!
T
o
g
g
l
e
B
i
t
3
;
 
 
 
 
 
 
i
f
(
T
o
g
g
l
e
B
i
t
3
 
=
=
 
0
)
 
C
L
E
A
R
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
e
l
s
e
 
S
E
T
_
G
I
I
B
_
X
4
_
P
1
6
(
)
;
 
/
/
t
o
g
g
l
e
 
P
1
6
 
(
P
1
6
 
i
s
 
t
h
e
 
s
i
g
n
a
l
 
t
o
 
t
r
i
g
g
e
r
 
t
h
e
 
C
R
O
 
o
n
 
a
 
s
t
e
p
 
c
h
a
n
g
e
)
 
 
 
 
}
 
 
 
}
  
 
 
 
 
 
 
/
/
 
i
n
t
e
r
p
o
l
a
t
e
 
m
o
r
e
 
a
c
c
u
r
a
t
e
 
s
i
n
 
v
a
l
u
e
 
 
 
v
a
l
_
l
o
 
=
 
s
i
n
_
t
a
b
l
e
[
i
n
d
e
x
]
;
 
 
 
v
a
l
_
d
i
f
f
 
=
 
s
i
n
_
t
a
b
l
e
[
i
n
d
e
x
+
2
]
 
-
 
v
a
l
_
l
o
;
 
 
 
s
i
n
_
v
a
l
 
=
 
v
a
l
_
l
o
 
+
 
(
i
n
t
1
6
)
(
(
(
i
n
t
3
2
)
p
h
a
s
e
_
o
f
f
s
e
t
*
(
i
n
t
3
2
)
v
a
l
_
d
i
f
f
)
>
>
7
)
;
 
 
 /
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
/
*
 
C
u
r
r
e
n
t
 
L
o
o
p
 
*
/
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
5
7
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
 
 
 
/
/
 
o
u
t
p
u
t
 
c
u
r
r
e
n
t
 
r
e
f
e
r
e
n
c
e
 
g
e
n
e
r
a
t
i
o
n
 
 
 
i
_
o
_
r
e
f
 
=
 
(
i
n
t
3
2
)
(
 
(
 
(
i
n
t
6
4
)
v
s
i
_
i
_
o
_
r
e
f
_
p
k
*
(
i
n
t
6
4
)
s
i
n
_
v
a
l
 
)
>
>
1
4
 
)
;
 
 
 
 
/
/
 
o
u
t
p
u
t
 
c
u
r
r
e
n
t
 
P
R
 
c
o
n
t
r
o
l
l
e
r
 
 
i
f
(
s
t
a
r
t
_
i
_
o
_
c
o
n
t
r
o
l
 
=
=
 
T
R
U
E
)
 
 
{
 
 
 
 
 
 
i
f
(
 
E
V
A
_
A
s
a
t
 
|
|
 
E
V
A
_
B
s
a
t
 
|
|
 
E
V
B
_
A
s
a
t
 
|
|
 
E
V
B
_
B
s
a
t
 
|
|
 
(
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
=
 
0
)
 
|
|
 
(
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
=
 
0
)
 
|
|
 
(
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
=
 
0
)
 
|
|
 
(
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
=
 
0
)
 
)
 
 
 
 
{
 
 
 
 
i
_
o
_
e
r
r
 
=
 
0
;
 
 
 
}
 
 
 
e
l
s
e
 
 
 
{
 
 
 
 
i
_
o
_
e
r
r
 
=
 
i
_
o
_
r
e
f
 
-
 
i
_
o
;
 
 
 
}
  
 
 
 
 
 
 
 
 
p
r
o
p
_
i
o
 
=
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
o
_
e
r
r
*
v
s
i
_
K
p
_
i
o
)
;
 
 
 
 
i
o
_
e
r
r
_
x
_
K
i
r
_
i
o
 
=
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
o
_
e
r
r
*
v
s
i
_
K
i
r
_
i
o
)
;
 
 
 
 
i
n
t
1
c
_
i
o
 
=
 
i
n
t
1
c
_
i
o
 
+
 
(
i
o
_
e
r
r
_
x
_
K
i
r
_
i
o
 
-
 
i
n
t
2
c
_
i
o
)
*
(
d
o
u
b
l
e
)
S
A
M
P
L
I
N
G
_
P
E
R
I
O
D
_
I
O
;
 
 
 
 
i
n
t
2
c
_
i
o
 
=
 
i
n
t
2
c
_
i
o
 
+
 
i
n
t
1
c
_
i
o
*
(
d
o
u
b
l
e
)
O
M
E
G
A
0
_
S
Q
D
_
S
A
M
P
L
I
N
G
_
P
E
R
I
O
D
_
I
O
;
 
 
 
 
p
r
_
i
o
 
=
 
(
p
r
o
p
_
i
o
 
+
 
i
n
t
1
c
_
i
o
)
;
  
 
}
 
 
e
l
s
e
 
p
r
_
i
o
 
=
 
0
.
0
;
  
 
  
/
/
 
d
i
f
f
e
r
e
n
t
i
a
l
-
m
o
d
e
 
c
u
r
r
e
n
t
 
P
I
 
c
o
n
t
r
o
l
l
e
r
 
 
 
 
#
i
f
d
e
f
 
I
_
D
M
_
C
O
N
T
R
O
L
_
F
L
O
A
T
I
N
G
_
P
O
I
N
T
 
  
i
f
(
s
t
a
r
t
_
i
_
d
m
_
c
o
n
t
r
o
l
 
=
=
 
T
R
U
E
)
 
 
{
 
 
 
 
i
_
d
m
_
e
r
r
 
=
 
v
s
i
_
i
_
d
m
_
r
e
f
 
-
 
i
_
d
m
;
 
 
 
 
 
 
p
r
o
p
_
i
d
m
 
=
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
d
m
_
e
r
r
*
v
s
i
_
K
p
_
i
d
m
)
;
 
 
 
 
 
i
n
t
_
i
d
m
 
=
 
i
n
t
_
i
d
m
 
+
 
(
d
o
u
b
l
e
)
(
(
d
o
u
b
l
e
)
i
_
d
m
_
e
r
r
*
v
s
i
_
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{
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p
t
 
f
l
a
g
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
b
i
t
.
T
3
P
I
N
T
 
=
 
1
;
 /
/
 
c
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p
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p
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p
t
 
f
l
a
g
 
 
P
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A
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P
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p
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p
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d
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p
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p
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p
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p
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p
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p
d
p
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i
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c
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P
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i
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i
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u
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i
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u
t
L
a
t
c
h
(
B
I
T
5
,
 
C
L
E
A
R
)
;
 
/
/
 
C
l
e
a
r
 
G
I
I
B
_
X
4
_
P
1
4
 
(
D
I
G
O
U
T
5
)
 
 
 
 
/
/
 
C
l
e
a
n
 
u
p
 
i
n
t
e
r
r
u
p
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P
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P
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P
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i
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i
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i
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i
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v
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p
u
t
_
c
h
a
r
g
e
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
i
t
 
*
/
 
 /
*
 
C
h
a
r
g
e
 
D
C
 
b
u
s
 
s
t
a
t
e
 
*
/
 
v
o
i
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
 
1
;
 
/
/
 
3
0
0
0
 
m
s
e
c
 
 
}
 
 
/
/
 
c
h
e
c
k
 
f
o
r
 
f
a
u
l
t
s
 
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
!
=
 
0
)
 
 
{
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
f
a
u
l
t
)
;
 
 
 
r
e
t
u
r
n
;
 
 
}
 
 
i
f
 
(
w
d
_
t
i
m
e
r
[
W
D
_
V
S
I
_
C
H
A
R
G
E
]
 
=
=
 
0
)
 
 
{
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
 
}
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
i
n
p
u
t
_
c
h
a
r
g
e
 
*
/
 
 /
*
 
S
t
o
p
p
e
d
 
s
t
a
t
e
 
*
/
 
/
/
 
T
u
r
n
 
o
f
f
 
E
V
 
i
n
t
e
r
r
u
p
t
s
 
a
n
d
 
P
W
M
 
o
u
t
p
u
t
s
 
v
o
i
d
 
s
t
_
v
s
i
_
s
t
o
p
(
v
o
i
d
)
 
{
 
 
i
f
 
(
I
S
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
)
 
 
{
 
 
 
D
O
N
E
_
F
I
R
S
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
)
;
 
 
 
V
S
I
_
F
A
S
T
_
S
T
O
P
(
)
;
 
 
 
D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
C
L
E
A
R
A
L
L
_
G
I
I
B
_
X
3
0
(
)
;
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D
i
s
a
b
l
e
E
V
I
N
T
(
)
;
 
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
0
;
 
 
 
s
t
a
r
t
_
t
r
i
g
g
e
r
 
=
 
0
;
 
 
 
f
a
u
l
t
_
l
o
c
k
o
u
t
_
c
o
u
n
t
+
+
;
 
 
}
  
 
 
 
i
f
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
S
W
_
O
C
_
V
S
I
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
S
o
f
t
w
a
r
e
 
o
v
e
r
c
u
r
r
e
n
t
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
e
l
s
e
 
i
f
 
(
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
&
 
F
A
U
L
T
_
V
S
I
_
P
D
P
I
N
T
)
 
 
 
p
u
t
s
_
C
O
M
1
(
"
P
D
P
I
N
T
 
f
a
u
l
t
.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
)
;
  
 
 
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
p
u
t
s
_
C
O
M
1
(
"
N
o
 
f
a
u
l
t
 
r
e
c
o
v
e
r
y
 
i
m
p
l
e
m
e
n
t
e
d
.
 
 
 
 
 
 
 
 
 
 
 
"
)
;
 
 
 
p
u
t
s
_
C
O
M
1
(
"
\
n
"
)
;
 
 
 
 
/
/
 
C
l
e
a
r
 
a
n
y
t
h
i
n
g
 
o
n
 
b
u
f
f
e
r
 
 
w
h
i
l
e
(
k
b
h
i
t
_
C
O
M
1
(
)
)
 g
e
t
c
_
C
O
M
1
(
)
;
  
 
w
h
i
l
e
(
!
k
b
h
i
t
_
C
O
M
1
(
)
)
;
 
 
g
e
t
c
_
C
O
M
1
(
)
;
 
 
 
 
 
 
N
E
X
T
_
S
T
A
T
E
(
v
s
i
_
s
t
a
t
e
,
s
t
_
v
s
i
_
s
t
o
p
)
;
 
}
 
/
*
 
e
n
d
 
s
t
_
v
s
i
_
f
a
u
l
t
 
*
/
 
 /
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=
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=
=
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=
=
=
=
=
=
=
=
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=
=
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=
=
=
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=
=
=
=
=
=
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=
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=
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*
/
 
/
*
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W
M
 
I
n
i
t
i
a
l
i
s
a
t
i
o
n
 
*
/
 
/
*
 
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
*
/
 
v
o
i
d
 
p
w
m
_
i
n
i
t
(
v
o
i
d
)
 
{
 
 
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
F
A
L
S
E
;
 
 
 
 
d
e
t
e
c
t
e
d
_
f
a
u
l
t
s
 
=
 
0
;
  
 
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
  
 
 
 
 
/
/
 
-
>
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
6
2
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
A
C
T
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
1
-
P
W
M
6
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
D
i
s
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
-
 
W
h
a
t
 
a
b
o
u
t
 
I
M
R
B
 
a
n
d
 
I
M
R
C
?
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
A
C
T
R
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
/
/
 
f
o
r
c
e
 
P
W
M
7
-
P
W
M
1
2
 
o
u
t
p
u
t
s
 
t
o
 
l
o
w
 
l
e
v
e
l
 
 
 
 
 
E
v
b
R
e
g
s
.
G
P
T
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
x
0
0
0
0
;
  
 
 
 
 
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
a
l
l
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
N
T
 
=
 
0
x
0
0
0
0
;
 
 
 
 
 
 
 
/
/
 
<
-
 
E
s
t
a
b
l
i
s
h
e
s
 
a
 
s
t
a
b
l
e
 
i
n
i
t
i
a
l
 
c
o
n
d
i
t
i
o
n
 
f
o
r
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
c
o
n
f
i
g
 
r
e
g
i
s
t
e
r
s
 
 
 
 
/
/
 
-
>
 
S
e
t
 
u
p
 
P
W
M
 
o
u
t
p
u
t
s
 
 
 
 
 
 
 
/
*
 
B
e
w
a
r
e
 
t
h
a
t
 
w
h
e
n
 
s
e
t
t
i
n
g
 
a
 
G
P
I
O
 
t
o
 
P
W
M
 
i
t
 
w
i
l
l
 
s
e
t
 
h
i
g
h
.
 
 
 
 
 
S
e
t
t
i
n
g
 
a
l
l
 
6
 
p
i
n
s
 
a
t
 
t
h
e
 
s
a
m
e
 
t
i
m
e
 
c
a
u
s
e
s
 
t
h
r
e
e
 
p
h
a
s
e
 
s
h
o
o
t
 
 
 
 
 
t
h
r
o
u
g
h
.
 
P
i
n
s
 
b
e
c
o
m
e
 
t
h
e
i
r
 
c
o
r
r
e
c
t
 
s
t
a
t
e
 
w
h
e
n
 
t
h
e
 
P
W
M
 
i
n
t
e
r
r
u
p
t
 
 
 
 
 
s
t
a
r
t
s
 
(
e
n
a
b
l
e
)
.
 
O
n
c
e
 
f
u
n
c
t
i
o
n
a
l
 
t
h
e
 
A
C
T
R
 
c
a
n
 
d
i
s
a
b
l
e
 
t
h
e
m
 
f
i
n
e
.
 
*
/
  
 
 
 
 
 
 
 
 
 
 
E
A
L
L
O
W
;
 
/
/
 
E
n
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
1
_
G
P
I
O
A
0
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
1
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
2
_
G
P
I
O
A
1
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
2
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
3
_
G
P
I
O
A
2
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
3
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
4
_
G
P
I
O
A
3
 
=
 
1
;
/
/
 
e
n
a
b
l
e
 
P
W
M
4
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
5
_
G
P
I
O
A
4
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
5
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
A
M
U
X
.
b
i
t
.
P
W
M
6
_
G
P
I
O
A
5
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
6
 
p
i
n
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
  
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
7
_
G
P
I
O
B
0
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
7
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
8
_
G
P
I
O
B
1
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
8
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
9
_
G
P
I
O
B
2
 
=
 
1
;
 
/
/
 
e
n
a
b
l
e
 
P
W
M
9
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
0
_
G
P
I
O
B
3
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
0
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
1
_
G
P
I
O
B
4
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
1
 
p
i
n
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
B
M
U
X
.
b
i
t
.
P
W
M
1
2
_
G
P
I
O
B
5
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
P
W
M
1
2
 
p
i
n
  
 
 
 
 
 
 
 
 
 
/
/
 
Q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
D
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
G
p
i
o
M
u
x
R
e
g
s
.
G
P
E
Q
U
A
L
.
b
i
t
.
Q
U
A
L
P
R
D
 
=
 
1
5
;
 
/
/
 
1
0
0
0
n
s
 
q
u
a
l
i
f
i
c
a
t
i
o
n
 
p
e
r
i
o
d
 
 
 
 
 
 
 
 
 
 
E
D
I
S
;
 
/
/
 
D
i
s
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
  
 
 
 
 
 
/
/
 
<
-
 
S
e
t
 
u
p
 
P
W
M
 
o
u
t
p
u
t
s
  
 
  
/
/
 
-
>
 
D
i
s
a
b
l
e
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
M
R
A
.
a
l
l
 
=
 
0
;
  
 
 
 
 
 
 
E
v
a
R
e
g
s
.
E
V
A
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
/
/
 
C
l
e
a
r
 
a
n
y
 
o
d
d
 
P
D
P
I
N
T
A
 
f
l
a
g
s
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
M
R
A
.
a
l
l
 
=
 
0
;
  
 
 
 
 
 
 
E
v
b
R
e
g
s
.
E
V
B
I
F
R
A
.
a
l
l
 
=
 
B
I
T
0
;
 
/
/
 
C
l
e
a
r
 
a
n
y
 
o
d
d
 
P
D
P
I
N
T
B
 
f
l
a
g
s
  
 
 
 
/
/
 
<
-
 
D
i
s
a
b
l
e
 
e
v
e
n
t
 
m
a
n
a
g
e
r
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
a
l
l
 
=
 
0
;
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
6
3
 
 
E
v
a
R
e
g
s
.
G
P
T
C
O
N
A
.
b
i
t
.
T
2
T
O
A
D
C
 
=
 
1
;
 /
/
 
S
t
a
r
t
 
A
D
C
 
o
n
 
T
i
m
e
r
 
2
 
u
n
d
e
r
f
l
o
w
 
 
  
/
/
 
S
e
t
 
d
e
a
d
b
a
n
d
 
t
i
m
e
 
t
o
 
z
e
r
o
 
o
n
 
b
o
t
h
 
e
v
e
n
t
 
m
a
n
a
g
e
r
s
 
 
E
v
a
R
e
g
s
.
D
B
T
C
O
N
A
.
a
l
l
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
D
B
T
C
O
N
B
.
a
l
l
 
=
 
0
;
 
 
 
 
 
/
/
 
-
>
 
S
e
t
 
c
o
m
p
a
r
e
 
c
o
n
t
r
o
l
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
A
C
T
R
L
D
 
=
 
2
;
 
/
/
 
r
e
l
o
a
d
 
A
C
T
R
A
 
i
m
m
e
d
i
a
t
e
l
y
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
S
V
E
N
A
B
L
E
 
=
 
0
;
 
/
/
 
d
i
s
a
b
l
e
 
s
p
a
c
e
 
v
e
c
t
o
r
 
P
W
M
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
C
L
D
 
=
 
1
;
 
/
/
 
r
e
l
o
a
d
 
C
P
M
R
A
 
o
n
 
u
n
d
e
r
f
l
o
w
 
a
n
d
 
p
e
r
i
o
d
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
F
C
O
M
P
O
E
 
=
 
1
;
 
/
/
 
f
u
l
l
 
c
o
m
p
a
r
e
 
e
n
a
b
l
e
 
 
 
 
 
E
v
a
R
e
g
s
.
C
O
M
C
O
N
A
.
b
i
t
.
C
E
N
A
B
L
E
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
c
o
m
p
a
r
e
 
o
p
e
r
a
t
i
o
n
 
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
A
C
T
R
L
D
 
=
 
2
;
 
/
/
 
r
e
l
o
a
d
 
A
C
T
R
B
 
i
m
m
e
d
i
a
t
e
l
y
 
 
 
 
 
E
v
b
R
e
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s
.
C
O
M
C
O
N
B
.
b
i
t
.
S
V
E
N
A
B
L
E
 
=
 
0
;
 
/
/
 
d
i
s
a
b
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e
 
s
p
a
c
e
 
v
e
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t
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r
 
P
W
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E
v
b
R
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s
.
C
O
M
C
O
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B
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b
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.
C
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D
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;
 
/
/
 
r
e
l
o
a
d
 
C
P
M
R
B
 
o
n
 
u
n
d
e
r
f
l
o
w
 
a
n
d
 
p
e
r
i
o
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E
v
b
R
e
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C
O
M
C
O
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.
b
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t
.
F
C
O
M
P
O
E
 
=
 
1
;
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/
 
f
u
l
l
 
c
o
m
p
a
r
e
 
e
n
a
b
l
e
 
 
 
 
 
E
v
b
R
e
g
s
.
C
O
M
C
O
N
B
.
b
i
t
.
C
E
N
A
B
L
E
 
=
 
1
;
 /
/
 
e
n
a
b
l
e
 
c
o
m
p
a
r
e
 
o
p
e
r
a
t
i
o
n
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/
 
<
-
 
S
e
t
 
c
o
m
p
a
r
e
 
c
o
n
t
r
o
l
 
r
e
g
i
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r
s
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M
a
p
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n
t
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r
r
u
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t
 
v
e
c
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s
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I
S
R
 
f
u
n
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t
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o
n
s
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A
L
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O
W
;
 
/
/
 
E
n
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
 
 
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
A
D
C
I
N
T
 
=
 
&
i
s
r
_
p
w
m
;
 
/
/
 
A
D
C
 
i
n
t
 
t
r
i
g
g
e
r
s
 
i
s
r
_
p
w
m
 
 
 
 
 
P
i
e
V
e
c
t
T
a
b
l
e
.
P
D
P
I
N
T
A
 
=
 
&
i
s
r
_
v
s
i
_
p
d
p
i
n
t
;
 
/
/
 
P
D
P
I
N
T
A
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
E
D
I
S
;
 
/
/
 
D
i
s
a
b
l
e
s
 
w
r
i
t
i
n
g
 
t
o
 
p
r
o
t
e
c
t
e
d
 
r
e
g
i
s
t
e
r
s
 
 
 
 
 
 
/
/
 
<
-
 
M
a
p
 
i
n
t
e
r
r
u
p
t
 
v
e
c
t
o
r
s
 
t
o
 
I
S
R
 
f
u
n
c
t
i
o
n
s
 
 
 
 
 
 
 
/
/
 
-
>
 
E
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
  
 
 
 
/
/
 
E
n
a
b
l
e
 
P
D
P
I
N
T
A
 
i
n
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
1
 
 
 
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
1
 
=
 
1
;
 
 
 
 
 
 
 
 
 
 
 
/
/
 
E
n
a
b
l
e
 
A
D
C
 
i
n
t
e
r
r
u
p
t
 
i
n
 
P
I
E
:
 
G
r
o
u
p
 
1
 
i
n
t
e
r
r
u
p
t
 
6
 
 
 
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
I
E
R
1
.
b
i
t
.
I
N
T
x
6
 
=
 
1
;
  
  
 
 
 
A
d
c
R
e
g
s
.
A
D
C
S
T
.
b
i
t
.
I
N
T
_
S
E
Q
1
_
C
L
R
 
=
 
1
;
 
/
/
 
c
l
e
a
r
 
i
n
t
e
r
r
u
p
t
 
f
l
a
g
  
 
 
 
 
 
 
 
P
i
e
C
t
r
l
R
e
g
s
.
P
I
E
A
C
K
.
a
l
l
 
=
 
P
I
E
A
C
K
_
G
R
O
U
P
1
;
 
 
 
 
 
 
 
 
 
 
I
E
R
 
|
=
 
M
_
I
N
T
1
;
 
/
/
 
E
n
a
b
l
e
 
C
P
U
 
I
n
t
e
r
r
u
p
t
 
1
 
 
 
 
 
 
 
 
 
 
 
E
I
N
T
;
 
/
/
 
e
n
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
/
/
 
<
-
 
E
n
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
 
 
/
/
 
-
>
 
S
e
t
u
p
 
t
i
m
e
r
s
  
 
 
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
T
i
m
e
r
1
 
f
o
r
 
s
a
m
p
l
i
n
g
/
s
w
i
t
c
h
i
n
g
 
o
n
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
F
R
E
E
 
=
 
0
;
 
 
 
/
/
 
t
i
m
e
r
 
s
t
o
p
s
 
e
m
u
 
s
u
s
p
e
n
d
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
S
O
F
T
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
1
;
  
/
/
 
c
o
n
t
i
n
u
o
u
s
 
u
p
/
d
o
w
n
 
c
o
u
n
t
 
m
o
d
e
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
 
 
 
/
/
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
p
e
r
i
o
d
 
o
r
 
0
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
P
R
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
N
T
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
1
C
M
P
R
 
=
 
P
E
R
I
O
D
_
2
;
  
 
 
 
 
 
 
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
T
i
m
e
r
2
 
i
n
 
s
y
n
c
 
w
i
t
h
 
T
i
m
e
r
1
 
o
n
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
F
R
E
E
 
=
 
0
;
 
 
 
/
/
 
t
i
m
e
r
 
s
t
o
p
s
 
e
m
u
 
s
u
s
p
e
n
d
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
S
O
F
T
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
2
;
  
/
/
 
c
o
n
t
i
n
u
o
u
s
 
u
p
 
c
o
u
n
t
 
m
o
d
e
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
0
;
  
/
/
 
d
i
s
a
b
l
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
A
p
p
en
d
ix
 F
. 
D
S
P
 S
o
u
rc
e 
C
o
d
e:
 E
x
p
er
im
en
ta
l 
S
y
st
em
 #
4
 
3
6
4
 
 
 
 
 
/
/
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
0
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
0
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
2
S
W
T
1
 
=
 
1
;
 
 /
/
 
S
t
a
r
t
 
T
2
 
w
i
t
h
 
T
1
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
P
R
 
=
 
P
E
R
I
O
D
_
2
 
-
 
1
;
  
 
 
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
;
 
 
 
 
 
E
v
a
R
e
g
s
.
T
2
C
M
P
R
 
=
 
0
;
  
 
/
/
 
d
o
e
s
n
'
t
 
m
a
t
t
e
r
,
 
b
e
c
a
u
s
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
i
s
 
d
i
s
a
b
l
e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
T
i
m
e
r
3
 
f
o
r
 
s
a
m
p
l
i
n
g
/
s
w
i
t
c
h
i
n
g
 
o
n
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
F
R
E
E
 
=
 
0
;
 
 
 
/
/
 
t
i
m
e
r
 
s
t
o
p
s
 
e
m
u
 
s
u
s
p
e
n
d
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
S
O
F
T
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
1
;
  
/
/
 
c
o
n
t
i
n
u
o
u
s
 
u
p
/
d
o
w
n
 
c
o
u
n
t
 
m
o
d
e
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
1
;
  
/
/
 
e
n
a
b
l
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
 
 
 
/
/
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
p
e
r
i
o
d
 
o
r
 
0
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
P
R
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
 
 
/
/
 
P
E
R
I
O
D
_
2
 
=
 
9
0
d
e
g
 
p
h
a
s
e
-
s
h
i
f
t
e
d
 
f
r
o
m
 
T
i
m
e
r
1
 
 
 
 
 
E
v
b
R
e
g
s
.
T
3
C
M
P
R
 
=
 
P
E
R
I
O
D
_
2
;
  
 
 
 
 
 
 
 
 
 
/
/
 
C
o
n
f
i
g
u
r
e
 
T
i
m
e
r
4
 
i
n
 
s
y
n
c
 
w
i
t
h
 
T
i
m
e
r
3
 
o
n
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
a
l
l
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
F
R
E
E
 
=
 
0
;
 
 
 
/
/
 
t
i
m
e
r
 
s
t
o
p
s
 
e
m
u
 
s
u
s
p
e
n
d
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
S
O
F
T
 
=
 
0
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
M
O
D
E
 
=
 
0
;
  
/
/
 
d
i
s
a
b
l
e
d
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
E
C
M
P
R
 
=
 
0
;
  
/
/
 
d
i
s
a
b
l
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
P
S
 
=
 
0
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
 
 
 
 
/
/
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
P
S
 
=
 
4
;
  
 
/
/
 
i
n
p
u
t
 
c
l
o
c
k
 
p
r
e
s
c
a
l
e
r
 
(
f
o
r
 
t
e
s
t
i
n
g
 
p
u
r
p
o
s
e
s
)
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
C
L
D
1
0
 
=
 
1
;
  
/
/
 
R
e
l
o
a
d
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
o
n
 
p
e
r
i
o
d
 
o
r
 
0
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
4
S
W
T
3
 
=
 
1
;
 
 /
/
 
S
t
a
r
t
 
T
4
 
w
i
t
h
 
T
3
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
P
R
 
=
 
P
E
R
I
O
D
;
 
 
 
 
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
N
T
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
b
R
e
g
s
.
T
4
C
M
P
R
 
=
 
P
E
R
I
O
D
_
2
;
  
 
/
/
 
d
o
e
s
n
'
t
 
m
a
t
t
e
r
,
 
b
e
c
a
u
s
e
 
t
i
m
e
r
 
c
o
m
p
a
r
e
 
i
s
 
d
i
s
a
b
l
e
d
  
 
 
 
 
 
 
 
/
/
 
<
-
 
S
e
t
u
p
 
t
i
m
e
r
s
  
  
 
/
/
 
-
>
 
I
n
i
t
i
a
l
i
s
e
 
C
M
P
R
x
 
 
 
  
 
 
 
 
/
/
 
E
V
A
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
a
R
e
g
s
.
C
M
P
R
3
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
 
 
 
 
 
/
/
 
E
V
B
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
P
E
R
I
O
D
_
2
;
 
 
 
 
 
E
v
b
R
e
g
s
.
C
M
P
R
6
 
=
 
P
E
R
I
O
D
_
2
;
 
  
 
/
/
 
<
-
 
I
n
i
t
i
a
l
i
s
e
 
C
M
P
R
x
  
 
 
  
i
s
_
m
o
d
u
l
a
t
i
n
g
 
=
 
F
A
L
S
E
;
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i
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v
o
i
d
 
p
w
m
_
s
t
a
r
t
(
v
o
i
d
)
 
{
 
 
D
I
N
T
;
 
/
/
 
d
i
s
a
b
l
e
 
a
l
l
 
m
a
s
k
a
b
l
e
 
i
n
t
e
r
r
u
p
t
s
 
 
 
 
/
/
 
S
e
t
 
p
r
e
c
a
l
c
u
l
a
t
e
d
 
c
o
n
s
t
a
n
t
s
 
 
m
a
x
_
t
i
m
e
 
=
 
M
A
X
_
T
I
M
E
;
 
 
m
a
x
_
t
i
m
e
_
2
 
=
 
2
*
M
A
X
_
T
I
M
E
;
 
 
p
e
r
i
o
d
_
2
 
=
 
P
E
R
I
O
D
_
2
;
 
 
p
e
r
i
o
d
 
=
 
2
*
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
S
t
o
p
 
t
i
m
e
r
s
 
 
E
v
a
R
e
g
s
.
T
1
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
 
E
v
a
R
e
g
s
.
T
2
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
T
4
C
O
N
.
b
i
t
.
T
E
N
A
B
L
E
 
=
 
0
;
 
A
p
p
en
d
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D
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P
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o
u
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C
o
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x
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S
y
st
em
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/
/
 
R
e
s
e
t
 
c
o
m
p
a
r
e
 
v
a
l
u
e
s
 
o
n
 
E
V
A
 
 
E
v
a
R
e
g
s
.
C
M
P
R
1
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
2
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
a
R
e
g
s
.
C
M
P
R
3
 
=
 
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
R
e
s
e
t
 
c
o
m
p
a
r
e
 
v
a
l
u
e
s
 
o
n
 
E
V
B
 
 
E
v
b
R
e
g
s
.
C
M
P
R
4
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
5
 
=
 
p
e
r
i
o
d
_
2
;
 
 
E
v
b
R
e
g
s
.
C
M
P
R
6
 
=
 
p
e
r
i
o
d
_
2
;
 
 
 
 
/
/
 
R
e
s
e
t
 
t
i
m
e
r
s
 
 
E
v
a
R
e
g
s
.
T
1
C
N
T
 
=
 
0
;
 
 
E
v
a
R
e
g
s
.
T
2
C
N
T
 
=
 
0
;
 
 
E
v
b
R
e
g
s
.
T
3
C
N
T
 
=
 
P
E
R
I
O
D
_
2
;
 
/
/
 
P
E
R
I
O
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u
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;
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e
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i
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b
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b
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e
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i
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i
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_
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_
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b
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i
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